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CHAPTER I

INTRODUCTION

In the event of an unplanned release o; radioactive

mat&rial, it is necessary to know the doses the public could

receive in order to make d~cisions that minimize risk to

that public. The research reported here Is as outgrowth of

preliminary work done to determine what doses the public

might receive if they try to evacuate or seek shelter.

Figure 1 is the flow chart of a conceptual program

designed to determine which alternative provides the lowest

dose to individuals. The alternatives arei taking no

action; seeking shelter in homes; seeking shelter in other

buildings, such as factories or schools; or evacuating. The

input includes weather data and the chemical and isotcpic

nature of the release. A dispersion and deposition model

determines the real time and projected concentrations in the

radioactive cloud and fallout. The infiltration models

determine how much material gets inside the structures. The

structure shielding (and vehicle shielding) models determine

how much the unprotected dose is reduced by available

structures. The dose models compute the doses from the
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fallout and the cloud sources. An evacuation model

estimates how fast and in what direction the population is

expected to exit in the avent evacuation is ordered. A time

use model notimates how much time an unwarned population

would spend indoors, outdoors, or in vehicles. The result

of the program is three dose estimates for the populations

in each sector around the accident and at different ranges

from the accident. These doses are. a sheltered dose, a "do

nothing dose" for the option of not warning the population,

and a dose received while evacuating. With this

informatinn, an official can make informed decisions as to

what the public should be told. Ideally this program would

be contained in mini-computer* available near the release

site and would provide results in seconds or at most a few

minutes. The research reported here was done to provide

data for the structure shielding subroutines of su:i a

program. However, the bibliography included in this paper

is a survey of literature applicable to the total problem

concerning which action alternative provides the lowest

dose.
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1.2 Bmm gJS

The objective of this research is to develop a model

for tho protection provided by structures, such as homes,

against releases of airborne radioactive material as a

function of the gamma energy spectrum of the released

material. Domes received through the food chain or

inhalation are nzt considered.

It is not necessary to do a detailed analysis of each

structure. The results of detailed studies, both

mathematical and empirical have been reported for a few

spectra and building types. Therifore the purpose of this

research is not to calculate protection factors, but rather

to show how they vary with energy.

.• '3"•, V • •,'•.,3 i• .. •'•.•-..-.,.....,....-'.,° ...'.. '..'--.'-.'-. . .-. -.. ,. .... '..-..'..- .'.-'..- ..... ,..-..'.',-'-..-..
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During the 1950's and early 1960's a grep-t deal of work

was done to predict the protection one would receive from

weapon fallout by seeking shelter in a home, basement,

factory or bomb shelter. This work was the result of the

Federal civil defense policy of the time [1]. The result of

this effort was the development of the Office of Civil

Defense (OCD) Standard Method in several versions meant

primarily for architects or for surveying existing buildings

[2,3,4,5,6]. Very little additional work was done until the

mid 1970s. The publishing of the Reactor Safety Study (73

prompted a new interest in structure shielding. In 1975, Z.

S. Burson and A. E. Profio published QtmU..bIuhL~IdjQg

Og Eulg~i_•{_l~e=L_•gI~lDks (6]. For fallout

protection data, they relied on the previous bomb fallout

studies, and for cloud source protection data, they

developed a point kernel integration technique. Their data

were used by 6. H. Anno and M. A. Dore in "The Effectiveness

of Sheltering as a Protective Action Against Nuclear

Accidents Involving Gaseous Releases", which was published

by the EPA in 1976 [93. That report raised the issue of

infiltration of radioactive gases into the structures.

Their report was further amplified by work done at Sandia

Laboratories in 1977 and 1978 C10,11]. The Three Mile
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Island accident prompted a new public interest in seeking

protection from radioactive releases. In 1980, the National

Bureau of Standards published ;3.jbj31 i~g_ Q aIm

E13. . This work

is both a summary and a complete update of the previous

fallout shelter work, but it deals only with fallout from a

nuclear weapon. Nearly all the information in the open

literature to date, including the works Just mentioned, rely

on gamma energy spectra either derived from bomb fallout, or

from scenarios involving the release of a great amount of

nuclear reactor core materials. As the TMI and SL-I

accidents pointed out, it is far more likely that only noble

gases (which have a much lower energy spectra than weapon

fallout) and a limited amount of volatile materials, such as

iodine, will escape even from a severe accident C12,133.

Radioactive releases are also poesible from other

activities, such as transportation of spent reactor fuel,

and manufacturing accidents involving medical sources. Tha

EEImsr;b_..rRgC m _ mr3LjO...EfgCL L aomfmr._ m

jsmgkEL E.jaiDd _gb_ L.Qrd_ uI. ..~3A OL1u bE~~

S"-"."." ."."•"."." . . . ""."."-"." •"-" •• •t "••"". .•"""""" . . . . , •""""""" • '""' -... ,• ''

SE le " n hIba3 uE..33uhQrmJw~L3

*. . . . . . . . . .. . . . . . ~ ,-* -'-* .-- *--. ... ~ -/
. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .
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1.4 OC2SDIZm IoD

This paper consists of a discussion of the rationale

behind the selection of a point kernel model for both the

fallout and cloud source conditions and a description of the

component buildup factor, ground roughness and geometry

models that were used. The results of the models are

related to structures such as homes and vehicles and to the

historical cases of TMI-2 and SL-I.

The three appendixes contain descriptions and FORTRAN

listings of the programs developed to provide the required

shielding data.

The protection factors reported here are called Dose

reduction factors (DRFs). This term is adopted to prevent

confusion with other terms such as shielding factors (SFs)

and Protection Factors (PFs) which atn defined differently

by different researchers. In the strict sense, a DRF should

be defined as the ratio of the actual dose received to the

dose that would be received if there was no protection at

all. Unfortunately, the relationship between dose and gamma

energy for a standard individual is not easily defined for

low energy gamma rays. The unavailability of this data

required the use of exposure instead of dose in calculating

the DRFs reported here. Because the DRF is a ratio of two

exposures (or doses) taken at the the same gamma energies,

the errors in using exposure instead of dose cancel each
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other. The DRF9 as used in this paper, Is defined as the

ratio of the protected exposure to the theoretical

unprotected exposure.



CHAPTER II

STRUCTURE SHIELDING

S-2.1 =91-2212=120

The principle objective of this dissertation is to

predict how the exposure from sources associated with a

release of radioactive material varies as a function of the

energy of the emitted gamma rays. The &bility to predict

gamma flux as a function of energy then became a prime

f~ctor in choosing a mathematical model. The ability to

easily Identify the components of the model and relate them

to the physical world was also a prime selection criteria.

Shielding data have been calculated or experimentally

'1, 31found for a few shielding geometries, and for a very limited

number of energies C143. The enwargies used In the available

literature are associated with weapon fallout or the

* postulated PWR-2 accident Identified in the Reactor Safety

Study (RSS) C153. C The postulated PWR-2 accident "includes

failure of the cooling systems, and core meltdown concurrent

* with a loss of containment spray and heat removal systems.

Failure of the containment barrier occurs through

overpressure causing a substantial fraction of the

Jpý containment atmosphere to be released in a 'puff'" C163.3

9

0



While some good data ai available for these high energy

spectra, almost nothing is available for other energies.

Thus a mathematicol model only needs to determine how the

shielding factors vary with energy, and then relate them to

the known values for the bomb fallout spectra.

Three methods have been developed that can calculate

the shielding provided by a structure. moments,

Monte-Carlo, and point kernel integration. The method of

moments is the basis for the "standard" method 123. The

standard method is very good for calculating the protection

provided by a specific structure from a specific energy

spectra, usually the 1.12 hour bomb fallout spectra.

However, each new energy spectra requires the development of

a set of tables, nomographs, and curves - making It very

difficult to use the technique over a broad energy range.

The Monte-Carlo method is, in theory, an exact solution

to the radiation transport equation and can be used for any

geometry or energy distribution. It has the advantage of

being able to find nearly exact answers to specific

problems, however it is cumbersome to use, requires a great

deal of computer time, and Its Implementation Is difficult

to relate back to the physical problem. The Monte-Carlo

method Is unnecessarily complex for the problem at hand.

The point kernel method has the advantage of being

easily related to simple geometries. While it cannot
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provide exact solutions to real problems, it can make

reasonable estimates and is easily adapted to varying

energies. The point kernel method can be used to provide

the transforms necessary to get from known shielding values

to values at other energies. For these reasons, the point

kernel method was chosen as the math model in this

dissertation.

Even with this seemingly simple choice, the method

required a great deal of development in order to provide

reasonably accurate estimates. First, buildup factors that

are accurate over the necessary ranges of energy and mean

free path had to be found. Second, an accurate method of

combining the buildup factors in multi-region probloms over

a wide energy range had to be developed. And third, a

method for calculating the effect of ground roughness on the

attenuation factor for fallout sources had to be developed.

I
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2.2 Ppint Kernel Mthods

In Shielding, the treatment of uncollided photon flux

is generally a simple exponential attenuation calculation.

J A point source of strength (BS) (C/sac), in an infinite

homogeneous medium characterized by a linear attenuation

coefficient /i. (1/cm), will have an uncollided flux

I (#/cm2 /sec) at a distance R given by

So-exp(-,4'R)/(4"7r'R2 ). (2.1)

The factor exp(-/ 1 R) is due to material attenuation and the

Sgeometry factor 1/(4-t.R!) is due to the levers" square

law. The combined factor

6(R) - exp(-/4'R)/C(4- R2 ) (2.2)

I is referred to as the point kernel. The uncollided flux for

any geometry can be obtained, at least in principle, by

integrating the point kernel over the geometry.

When the effect of collided flux is taken into account,

the problem becomes a difficult transport problem. To get

"around this difficulty, a semiempi.ical factor, the buildup

* factor (BUF or B) is used to correct for the contribution

from scattered flux. There are many types of buildup

factors including the "number buildup factor", the "energy

buildup factor", the "energy absorption buildup factor" and

the "dose buildup factor". In this discussion only the dose

buildup factor is of interest. The dose buildup factor is

defined as the ratio of the total dose rate at a point to

%
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the dose rate due to the uncollided flux at the same point.

The point kernel is a function of the photon energy, shield

thickness, and the atomic number of the shield material (Z)

5- [C173. The point kernel for the flux at a distance R becomes

"G(R) B Bexp(-, .R)/(4 -7-c RI). (2.3)

Here the value of the calculated flux is weighted to account

for the reduced dose rate due to the lower linear energy

transfer rate of the lower energy collided photons. Because

the total dose rate is always greater than the dose rate due

to uncollided flux only, buildup factors are always greater

"than 1.

As explained in Section 1.4, even though the term

"dose" is used throughout this dissertation, the programs

developed here calculate exposure. This should not

represent any real problem because this dissertation deals

with the ratio of exposures which is equivalent to the ratio

"of doses (DRF).

0°

S-.

9
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2.3 uI u E~!

Finding accurate equations for the required buildup

factors can be difficult. The models require buildup

factors over a range of energ/ from 15 KeV to 15 MeV and a

range of mean f rae paths (mfps) from 0 to greater than 40

mpfs. Nearly all the works reporting buildup factor data

were published before 1970. As lat& as 1968, even the most

comprehensive works only reparted data for r.5 to 10.0 MeV

and out to 20 mfps C183. Further, even when data are

available, the most accurate formulas commonly used can

deviate from the true buildup factors by more than 60% £193.

The greatest deviations occur between 0.1 and 2.0 MeY,

which, unfortunately, is where the most interest lies. The

three most common formulas for estimating buildup factors

are Taylor's formula (a three parameter, two term

exponential equation), Berger's formula (a two parameter

exponential equation), and a polynomial formula which

usually has three terms, but is often used with two terms

and as such is good only for thin shields £20,211.



S!•¥g~i~g~el•,(2.4)

B - A-exp(- a&.^r) + (I - A).exp(- b. r)

Pgrg! s.AglEL•muI (2.5)

B - 1 + a .r-exp(b-. .r)

~ 3 (2.6)

B Z a• r)A

too] I ~ _• Em R~l ~ gmi ~ _!•c~ l•(2.7)

B = 1 + k.(/4.r)

A further complication, and a little reported fact, is that

the parameters for the Just mentioned formulas may have been

calculated using criteria designed to prevent

underestimation of doses C223. In other words, data taken

by engineers as accurately representing physical reality

have been altered to prevent them from seriously

underestimating doses. As an example, Taylor's formula at

0.5 MeV has a total deviation of approximately 44% over 0 to

40 mfps; parameters reported in the literature [233 cause a

deviation of from +41.3% to - 5.4% instead of +22.X to -22.%

C223. Because one of the goals of this paper is to compare

the exposure received for different spectra as accurately as

possible to allow an intelligent selection of alternatives,

data with this kind of inaccuracy cannot be used.
S

A much more accurate formula, along with the required

parameters for water has recently been published by A.

Foderaro and R. 3. Hall C243. This is a three term, five
U

U



parameter formula similar to Taylor's formula. The average

deviation of this formula is reported to be less than 1.% at

most energies and never exceeds 4.% (the maximum deviation

is at 0.1 M*V and 40 mfps).

IfcR:3! RAoA~iLgrci.LA ~2. 8)

where A3  I - A,- A2 .

The buildup factors for air and water as a function of

energy and mean free path are very nearly identical C253.

This is because the average "Z" number if air and water are

nearly the same. A comparison of the two buildup factors is

shown in Figure 2 at 20 mfps. The error for fewer mfps is

much less than at 20 mfps. Fortunately the greatest

deviation between the air and water buildup factors occurs

at large mean free paths where attenuation makes the error

in calculating expocures insignificant. The program used in

this paper uses the three-exponential formula (equation 2.8)

with the parameters given for water to find the buildup

factors for air 1243.

"% -, ' -' • , . ., % 0 %' 0 .o .- - . . . .- . - o" ° ' . " . . . oO . , -. .°- " . -. ° ' % o. "% ° - - -
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* Finding accurate buildup factors for a general

structure's walls and roof Is also difficult. Fortunately,

construction materials are almost completely constituted of

low-Z elements and thus, after adjusting for density

variations, wood and concrete are very nearly equivalent

C263. Therefore, the mass attenuation coefficients and

buildup factors of what is referred to as "NBS" Concrete

were chosen to represent building materials. The formula

contains six non-linear terms and eleven parameters E273.

It was developed by the National Bureau of Standards and is

the standard for concrete; as such there is no error

associated with it as there would be if an approximation

formula had been used. Using concrete as an approximation

fo- building material in general is much more accurate than

using the buildup factors for water (or compressed air) as

is commonly done E283. The practice of using the buildup

factors for water seems to be a continuation of an earlier

practice developed to avoid a limitation of the moments

method where all materials are considered to be water or air

of varying density £29,303. However, the buildup factors

"for water can be more than 100 times that of concrete for

large mean free paths and energies near 0.1-MeV C313.

All of the buildup factors used in the program are "Air

Kerma Response Function" buildup factors. Theme buildup

factors are meant to be used to calculate exposure and dose.
I

. . . . ..-... . . . . . . . . . .... . . . . . . ..° .. , .-.- . .- •"° °..."°-° .°. ...- °- - °. . .. . . . .-. . . . . . . ..-.. ... ._°. .-. ° .
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A major problem in using the point kernel method

occurs when the photons pass through more than one media. A

single buildup factor must be found that represents the

buildup through all the layers of material between thw

source and the detector. In order to understand this

problem it is necessary to consider the definition of a

buildup factor.

The buildup factor is the ratio between the detector

response to the total radiation at a point of interest over

the detector response to the uncollided radiation at the

same point E323. Buildup factors are necessarily a function

of four variablest the composition of the material through

which the r.'iation passes (usually Just referred to as Z

number dependence), the geometry of the source and the

detector, the number of mean free paths (mfpm) that the

radiation passes through and, the energy of the uncollided

radiation. By using mfps instead of physical distance, the

formulas for calculating buildup factors are independent of

material density. The number of mean free paths remain a

fun:tion of material, density and distance. Buildup factors

are calculated using the Monte-Carlo or moment methods, or

found from empirical data. Usually the medium is assumed to

be infinite.

• -- , °o • -~- . ~ :. -________"______° • -° . . . ., . . ° ______,______• • . . . • •
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The equation for the dose from a rdmple point source in

a continuous homogeneous infinite medium ist

DR - Do/R 2 " B(EomfpTZ) exp(-mfpr) (2.9)

Where: mfpT - the number of mean free paths

between the source and thu detector;

R - the geometrical distance between the

source and the detector in units of

distancel

DR = the dose at the detector;

Do - the dnse at a unit distance from the

source in the absence of any medium in

the units of dose times distance

squared; and

B(EompfZ) or B - the Buildup factor as a

function of source energy, mean free

path, and material Z number.

By defining Do at the same distance from the source as the

detector, (this can be done because R is in arbitrary

distance units) R becomes equal to 1 and the equation is

simplified toe

DR - Do • B(EomfpTZ) exp(-mfpT) (2.10)

ore

B - B(EosmfpT,Z) v Dn/Do exp(mfp--) (2.11)
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If we take a continuous medium and break it into two regions

(see Figure 3)1

B - Da1De DlDo -xp(,nfp) . exp(mfpm).

) (2.12)

Butt B(Eo,mfp 1 ,Z) - the buildup factor from point

"0" to point "I"

- D1 ID- exp(mfpt). (2.13)

Thus we can think of the buildup factor from point "1" to

point "2" as

_9(Eo,mfpm,Z) 2 2 ,n ,, ,m p=).' 14;

ands B - B(Eogmfp 1 ,Z) • B(Eo,mfp=,Z)

_m B(Eoqmfp79Z). (2.15)

Clearly buildup factors must be multiplied in order to be

combined. The difficulty lies in finding B(Eomfp=,Z). For

a continuous mediums

P(Eo,mfp=,Z) n B(Eo,mfpvZ)/B(EomfptZ).

. (2. 18)

B(Eogmfp=2 Z) represents the addit'.onal buildup from point 1

to point 2. It takes into account the buildup and shift in

energy spectrum from point 0 to point I (see the insert in

Figure 3). The problem becomes apparent when one realizes

that buildup factors are only 4abuiated for continuous

media. If the media in region "ZL" and region "Zm" are

different, we can find B(Eomfp,,Z 1 ) from tables, but not

B(Eo,mfpy-,Z*.=) or B(Eo,mfp=,Z=). Here Zi.= represents the

1E~.
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composite region made up regions Z, and Z=. In fact the

value of B(Eo,mfp,,Z 1 .=) is dependent on the geometry of the

problem as well as the detailed composition of both regions.

Thus we cannot exactly determine B(Eo,mfpT,Z,.2) by the

point kernel method unless the same specific problem is

- first solved either empirically or by the Monte-Carlo

method.
I

Several methods have been developed over the years for

estimating B(Ea 9 mfpY,Z%.=). The most common method simply

multiplies the buildup factor B(Eoamfp,jZ,) by B(Eo,mfpzZ 2 )

[32,33,34,35,363. This method overestimates the composite

'\ 7buildup factor B(Ea,mfpTZ 1 .=) 132,353, and therefore gives

an upper limit.

Another method developed by D. L. Broder C373 for a

narrow range of energies is to combine the buildup factors

as followsu

B(EajMifpTZ%.=) n B(E 0 ,mfp 1 ,Z,)

"+ B(EoomfpTZ2) - B(Eo,mfp,,Z 2 ) (2.17)

The method can be extended to more than one region. Broder

did not discuss the development of Equation 2.17 except to

say that "it can be recommended for calculating buildup

factors for heterogeneous media at energies near I Mvy",

and, "...it may be assumed that the derived equation is also

applicable for large energies". It does fit his data, but

overestimates the buildup factors at lower energies (see
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Figure 3). Broder's method and a few slight variations of

it arm vary popular where more accurate combined buildup

factors arm sought but the restrictions on when they arm to

be used are seldom mentioned [32,33,34,353.

Another commonly used method takes only the larger of

B(Eomfp,,Z,) or B(Eo,mfp2 ,Z 2 ). This underestimates the

buildup factor, but it does give a lower bound.

The method used here for estimating the combinad

buildup factor is derived from Equation 2.16. The buildup

factor for region "Z=" is estimated by taking the ratio of

the buildup factor found by using the material of region

"Z=" and the total number of mean free paths from the source

to the end of region "Z=1 divided by the the buildup factor

found by using the material of region "Z'= and the total

number of mean free paths from the source to the beginning

of region "Z=":

B(Eomfp 2 9 Z=) - B(Eo9mfp-rZ=)/B(Eo,mfpi,Z 2 ).

(2. 12)

This method takes into account the development of the

spectrum as it penetrates region "Z," by asuuming the

spectrum would be similar to that developed if it penetrat.d

the same number of mean free paths of material "Z=°. If the

media in regions "Z 1 ' and "Z="1 are the same (or even if they

are made of the same elements but with different densities)

Equation 2.18 reduces to the identity Equation 2.16. In

4 "
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fact this assumption should be very good for regions of

similar Z number, because as ahown by plots of the

differential energy spectrum for water and aluminum due to

mono-energetic gamma rays, there is little difference in the

shape of the spectrum produced in materials of Z number less

than 13 E383. The 1Z" number of concrete is usually taken

as 13 also.

Determining the exact accuracy of this method would

require empirical or Monte-Carlo solution. However, this

method passes two important tests that are required of an

accurate method. First, its results generally lie between

the known upper and lower bounds over the entire energy

range. The only exception is at approximately 150 KeV, where

the shift in the photon energy spectrum that occurred in the

first medium altered the BUF curve of the second medium as

expected. Second, for the available data (at 1.25 MeV)

agreement is very good as shown in Figure 4 where Border's

data and his formula also agree. The method developed here

is the only one that passes both tests.
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2.5 >:2kngE gfr;2 !-2 !

"While it is not a purpose of this dissertation to

speculate on the protection offered by a shelter for any

particular release event, it is necessary to calculate the

protection provided for a few well documented spectra in

order to compare results and draw conclusions relevant to

the current literature. How the spectra for comparison are

obtained is of some interest. The programs used here

require the source to be reported by each gamma energy and

the fraction of disintegrations resulting in that energy for

each curie emitted by the source.

For releases reported as curies of individual isotopes,

the Job is easy. The only assumption that needs to be made

is that the isotopes are uniformly mixed. Even this

assumption may be relaxed when the models used here are

coupled with a dispersion model. CLre must be taken that

all daughter isotopes are found. Table 1 gives an example

of this kind of release data. It contains the release

reported for the first 33 hours of the Three Mile Island

Accident in March 1979 C393. In Table 2 the energy peaks

for each of the isotopes and their daughters have been

catalogued C40]. Table 3 shows the data reduced to a

suitable spectra by multiplying the fraction of the isotope

"in the release by the fraction of disintegrations that

result in that particular gamma photon energy. Similar

oI
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Sienergiem have been summed. Note that the iodine-131 plays

an insignificant role in the cloud source; however, it

comprises the entire ground source (Table 4). In a similar

manner the fallout spectrum for the 1961 SL-1 accident can

be found from the 10 Curies of 1-131, 0.5 Curie of Cs-131

"and 0.1 Curie of Sr-90 released C413. Note that Sr-90 plays

I no role in the shielding calculation since it is a pure bota

emitter. Bremsstrahlung is not included in the spectrum

calculations due to the !ow average energies generated, high

shielding factors at those energies, and the low

bremsstrahlung yield in the low Z number materials involved.

When releases are reported as spectra in tha

1 literature, they are often reported in energy groups and as

the relative energy content of the gamma rays emitted in

earh group. These spectra must be converted to energy

groups and the rmlative number of gamma photons emitted in

each group. Tables 6 and 7 C423 give examples of this type

of conversion. In these tables, "f" is the fraction of the

total photon energy contained in each energy group. To

convert to the relative number of photons in each group, "f"

is divided by the average energy of each group and

renormalized to 1.0. The resulting fraction is used by the

programs to calculate the dose reduction factors, but cannot

be used to find the dose per Curie of release, unless the

isotopic composition of the radioactive material is known.

4

.. ... . ........ . ._... ... . . . . o..• . . . ... . .
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This is because the number of curies required to produce a

given number of photons is unknown.

A much easier way of obtaining spectra is to find them

given in the way needed - by energy group and relative

"number of photons in each group as was found for the weapon

* fallout spectra given in Table 8 C433. Again the dose per

"j Curie released cannot be directly found, but the dose

reduction factors can be calculated. When these spectra are

used, the exposure for emch average group energy is found

"e* and multiplied by the fraction of photons in that group.

The results are summed to find the total exposure and

divided by the similarly found unprotected exposure to

obtain the dose reduction factor.

Figures 5 and 6 depict the relative energy of each of

the six spectra discussed. In order to provide a visual

comparison of the spectra, all six spectra were converted to

energy groups.

0ii
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TABLE I

ISCTOPIC RELEASE FOR THE FIRST THIRTY-THREE HOURS

OF THE THREE MILE ISLAND ACCIDENT OF MARCH 1979 C393

Isotope Curies Fraction

Xe-133 4.9 x 10**6 0.729
Xe-133m 1.. x 10**5 0.018
Xm-135 1.5 x 10**6 0.223
Xe-135m 1.4 x 10**5 0.021
Kr-88 6.1 x 10**4 0.0091
1-131 1.908 0.0000003
total &Zz_1_!4 1A

------------------------- - -- - - -- - -- - - -- - -- - -
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TABLE 2

ENERGY PEAKS FOR ISOTOPES IN TABLE 1

Isotope Energy(MoV) Fraction of Disintegrations

Xe-133 0.081 0.37
XW-133m 0.233 0.14

0.081 (Xv-133) 0.37
Xv-135 0.250 0.91

0.61 0.03
Xa-135m 0.527 0.80

0.250 (X&-135) 0.91
0.61 (X*-135) 0.03

Kr-88 0.028 0.07
*0.166 0.07
0.191 0.35
0.36 0.05
0.65 0.23
1.55 0.14
2.19 0.18
2.40 0.35
0.898 (Rb-88) 0.13

. 186 (Rb-ee) 0.21
2.68 (Rb-88) 0.023

1-131 .80 0.0286
0.284 0.054
0.364 0.82
0.637 0.068
0.723 0.016
0.164 (Xe-131m) 0.0002

//

~~~~~~~~- -. - - -- -. -.. , . : : i 2 . : . : ~ ~ :
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TABLE 3

ENERGY SPECTRA DERIVED FROM TABLES 1 ANL 2

ENERGY (KaV) Fraction of gammas per Curia of re1•ase

! 2 --0. 0.002209
2400. 2.00319
2190. 0.00164
1863. 0.00191
1550. 0.00127
898. 0.00118
650. 0.00209
610. 0.00732
527. 0.0168
360. 3.000455
250. 0.2220
233. 0.00252
191. 0.00319
166. 0.00637
a1. 0.2764
28. 0.000637

-

I
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Table 4

1-131 SPECTRUM (TMI PARTICULATES)

Energy(KmV) Fraction of Gammas

---------------------------------------K-0-1-6-----------------------723. 0.0m18

637. 0.068
364. 0.82
264. 0.054
164. 0.0002

a0. 0.026

TABLE 5

SL-1 FALLOUT SPECTRUM C413

Energy(K&V) Source Fraction of Gammas per Curil

--- 723. 1-131 0.0151
662. Cs-137 0.0401
637. 1-131 0.0642
364. 1-131 0.774
284. 1-131 0.0509
164. 1-131 0.00019
80. 1-131 0.0245

-

I

0
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TABLE 6

RELATIVE SOURCE SPECTRA FOR A CLOUD SOURCE FROM A

REACTOR SAFETY STUDY PWR-2 EVENT [423

E(MwV) Eavm f f/Eave Fraction

0.0•1-0.1 0.05 0. 033 0. 660 0. 3693

0.1-0.5 0.30 0.164 0.547 0.3059
0.5-1.0 0.75 0.197 0.264 0.1476

11.0-2.0 1.50 0.279 0.186 0.1041
2.0-3.0 2.50 0.327 0,131 0.0732
total 1._ IL.,.ZZ 1A

TABLE 7

RELATIVE SOURCE SPECTRA FOR A FALLOUT SOURCE FROM A

REACTOR SAFETY STUDY PWR-2 EVENT [423

E(MuV) Eave f f/Eave Fraction

0.01-0.1 0.05 0.010 0.200 0. 1696

0.1-0.5 0.30 0.086 0.287 0.2432
0.5-1.0 0.75 0.244 0.325 0.2759
1.0-2.0 1.50 0.386 0.257 0.2183
2.0-3.0 2.50 0. 274 0.110 0.0930
total LAIN 1.17Z2

---------- .-- .- --- -,. . .. ... -.. . ..- -...... ---- -. - -. -- --
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TABLE e

FINN-SIMMONS 1-HOUR WEAPON FALLOUT SPECTRA C433

E(MeV) Eave Photon Fraction

0.0-0.05 0.025 0.0271
0.05-0.10 0.075 0.0137
0.10-0.20 0.150 0.0737
0.20-0.30 0.250 0.0476
0.30-0.40 0.350 0.0929
0.40-0.60 0.500 0.1373
0.60-0.80 0.700 0.1717
0.80-1.00 0.900 0.1627
1.00-1.33 1.165 0.0889
1.33-1.66 1.500 0.0957
1.66-2.00 1.830 0.0299
2.00-2.50 2.250 0.0397

* 2.50-3.00 2.750 0.0148
3.00-4.00 3.50L 0.0042
4.00-5.00 4.500 0.0001
total IL10

-

• ." ....................................................................
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The hypothetical infinite smooth plans source assumed

for point kernel integration over a disk source does not

exist in nature. The fallout particles distribute

thimseives over the real terrain surfacm. Small surface

irregularities, such as grass, gravel and concreta ar3

S..usually called ground roughness in the shielding lit2rature.

For an infinite plane source, most of the gamma rays

originate from large distances and travel through small

grazing angles to the surface; irregularities in the surface

cause those rays to be attenuated as they begin their

journey. Larger surface irregularities, such as hills,

Swashes and buildings are called terrain effects. These

large irregularities nearly always reduce dose rates (by as

much as 50% "for a person standing on top of a small steep

7 hill that falls away in all directions....because the hill

hides much of the fallout beyond the immediate area.") C443.

However these large effects are not general in nature, •b---ig

peculiar to specific buildings and situations, and are

therefore not considered in this model. This dissertation

is concerned with modeling effects that are more general in

~ nature i.e. the shielding provided by lawns, streets, etc.

( 2
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In 1968, the DeFense Civil Preparedness Agency

C453 published reduction factors to be applied to various

ground roughness conditions for a fallout source. These

data are repeated in Table 9. These data indicate that

ground roughness can reduce the dose rate by as much as 50%

compared with 1 meter above the standard hypothetical smooth

plane source, assuming that the same amount of fallout is

uniformly deposited in both cases.

The simplist model, and the one most commonly found in

the literature, applies the above factors directly to

shielding factors found for buildings, without regard to the

u fallout source E44,463. However, because the reduction

factor is caused by a portion of the gamma photons passing

through surface irregularities as they start their Journeys,

the reduction factors must be source energy dependent.

Another possible model was suggaeutd by C. M.

Huddleston in 1964 when he observed that the ground

roughness effect of various Nevada terrains on fallout from

an atmospheric bomb test was equivalent to raising his

detector 20 to 40 ft E473. While lifting the detector, and

thus increasing the attenuation caused by air and distance4

will give a source energy dependent model, it is not

satisfactory for the following reasons. First, that model

A exposes all the gamma rays to the additional material, while

4
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in tha roal situation only that +raction of the photonA

bchind a surfac2 irrzgularity would be effact~ad by it. Thia

would affect the resultant zpactrum at the detector.

Second, that model causes a relatively greater attenuation

of photons originating near the detector than those

originating at a large distancs, yet the gamma rays

.] originating from long distancas travel through small grazing

angles to the surface and thus should be mor: greatly

attenuated than photons originating near the detector which

have a nearly unobstructed line of sight.

(3

__ I

V!.
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TABLE 9

GROUND EFFECT DOSE REDUCTION FACTOR

FOR 1.12 HR. WEAPON FALLOUT [453

Ground Roughness Condition Reduction Factor

Smooth plane (hypothetical) 1.00
Paved areas 1.00 to 0.85
Lawns 0.85 to 0.75
Gravelled areas 0.75 to 0.65
Ordinary plowed field 0.65 to 0.55
Deeply plowed field 0.55 to 0.47

I

I

1.
4
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Tharm is very littla information upon which to

baae a ground roughness model. In fact, the reference given

in Table 9 gives only one datum point for one particular

spectrum (the 1.12 Hr. fallout spectrum) for each of five

"surffce types. In order to make the best use of available

1 data and research, a model must be very general in nature -

but must have sufficient data available to define all its

parameters. Cbviously the one datum point available will

only allow the fitting of one parameter. Any additional

parameters must be defined by other meanf.

The model used in this paper was developed from one

Sused to comoare the angular distribution of doac rate over a

plowed dry lake bed to that over a smooth dry lake bed after

fallout from the explosion of a nuclear device E483. The

model reflects the geometry of a plowed field, see Figure 7,

but the three parameters used by the model make it quite

general in nature. The parameters are: 1? , the trough

argle; w. the trough width; and d, the width of the

remaining flat surface. The major difference between the

model used in thia paper and the model it is derived from is

that the existing model assumed the concentration of fallout

was equal on all surfaces regardless of tilt, while the

model used here assumes that the fallout is uniform on the

horizontal projection of the surface. The use of the two
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models is also different. While the previous model was used

to predict specific dose values, the model used in this

paper is used to predict dose values at different energies.

Instead of finding a specific dose reduction value from

known parameters, the model must use known dose reduction

values to find the unknown parameters.

The problem is to determine the values of three

parameters when only one datum point (Table 9) is given for

each surface condition. Because the model is used as it is,

this problem can be solved.

4

4
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The concept of a "half-shadow" angle was introduced by

Yu. A. Izrael in 1963 1493. The ratio d/w, for a given

value of ' , can be found, at least in many cases, from the

half-shadow angle (81). The half-shadow angle is defined

as: the angle above the horizontal from which the ground is

illuminated causing half the surface to be in shadow when

viewed from above. As an example. "when meadow land is

illuminated from an angle of 1-degree above the horizontal

and photographed from above, about 50 percent of the surface

is in shadow C503. The half-shadow angle 01 can be thought

of as being measured from the same reference as p in Figure

7. The relationship between d/w,#± and W'is as followst

d/w - 1. - 2. cos(•).sin(pk)/sin(Y÷,G) (2.19)
for e Y.

As can be seen a tgk does not exist if d Is greater than w

-- as in the case of the previously referenced plowed dry

lake bed where d was 16 inches and w was 12 inches C483.

However for the more usual cases Bj does exist. In fact it

has been demonstrated that Bi is proportional to the dose

reduction factor C493. Yu. A. Izrael's data give the

following equation for , where 7 is the dose reduction

factoro

16.43 - 19.05,7 degrees. (2.20)

Izrael's data for A, and for various ground conditions are

given in Table 10.

-.-- .. ~ -. ~ . . . . .' 4 '. . . .%6
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TABLE 10

HALF-SHADOW ANGLE AND DOSE REDUCTION FACTOR

FCR VARIOUS GRCUND TYPES [493

Ground Type ,, ,degrees q (DRF)

Very flat, virgin grassy
S.-gion (meadow, clearing) 1.0 0.81

Very flat region of arid mt~ps 1.7 3.77

Arid steps 3.0 0.69

Cultivatad field 5.0 0.60

-7.

• - , * • = ' • • . . • " . . o . , . . • °- % ° . o . o . . ... .- . ,° . . .. ..
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Because the model is used as it is, to find the

parameter w that gives a given do*e reduction for a given

spectrum, the value chosen for Y makes very little

difference in the results for varying energies. The dose

reduction factors over a plane with no structure present

were compared over a wide range of Y 's (15 to 45 degrees)

and half-shadow angles (1 to 5 degrees). The results show

that the differences are insi-,ificant for varying Y 's for

energies above 60 KeV (cee Figures 8 and 9). When a small

central void was inserted in the plane, representing the

removal of the ground source under a structure (the fallout

falling on a structure is accounted for as a roof source),

the differences are even smaller (Figure 10). .4nd when a

wall is added the differences bgcome totally inzignificant

for all energies as shown in Table 11. What happens is that

a specific dose reduction factor is specified for a specific

gamma spectrum (in this case 0.81 for Co-60 E493), S and fl

or d/w are chosen Y " and p• determine d/w) and the "Ground

Factor" program (see Appendix A) iteratively determines a

value of w such that the DRF equals the given value. The

values of w, d/w and Y are used in the "Fallout" program

(Appendix B) to determine the DRF for other conditions where

structures are present. For different values of Y and a

given p1, the program simply finds a different value of w --

which rasults in very nearly the same DRF vs Energy curves.

.
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The only significant differences (for flat planes, soe

Figures 8 and 9) arm at low energies where the attenuation

of building walls is so groat that the variance in the DRF

causad by small changas in ground effacts is no longsr

significant, as ihown in Table 11.

I

I
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TABLE 11

EFFECT OF VARYING THE TROUGH ANGLE ON THE

DOSE REDUCTION FACTOR FOR A SMALL HOUSE

ON A LAWN

,n-zrgy DRF for DRF 'or Pirc~nt
(KaV) Yin 45 dog. V 15 dong. di ftr-nca

15300. 0.529 0.526 3.534
120000. 0.533 2.530 0.3574
8000. 0.533 0.:530 0.:561
6000. 0.529 (3.526 0.:35
5200. 0.524 0.522 3.522
4000. 0.521 0.519 0.519
3000. 0.508 0.506 0.506
2000. 0.487 0.486 0.486
.150. 0. 471 0.471 PJ. 471
1000. 0.458 0.456 0.037
"600. 0.452 0.452 -0.044
600. 0.444 0.445 -0.109
500. 0.442 0.443 -0.201
400. 0.439 3.440 -0.267
:300. 0. 4Z33 0.434 -0.347
230. 0.379 0.400 -0.645
1"0. 0.359 .362 -0.366
"120. 0.244 0.248 -1.7S5
IS 30. 0.157 0.162 -2.738
60. 0.0592 0.0617 -4.247
5 0. 0.0208 0. 0220 -5.390
40. 0.00215 0.00230 -7.010
30. 0.342E-5 0.384E-5 -12.569
20. 0.117E-16 0.117E-16 0.0
15. 0.0 0.0 0.0

---

!L%.
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The Fallout program needs a rmpresentative value for

the number of mean free paths that the ground-attenuated

gamma rays pass through. It also requires the fraction of

gammas that pass through the ground. The fraction of gammas

that pass through the ground ist

(a + w)/(d + w). (2.21)

where:

a - w cos(f)-sin(O)/sin(O+A). (2.22)

The problem is in finding a representative value of t (see

Figure 7). Choosing the average value of t works very well.

The maximum value of t ist

-tmox w.sin(0")/(2"cos(W).sin(p)). (2.23)

The average value of t is:

t -%v - tM~x/2. (2.24)

In order to find a representative value of t (tn=#..), the

ground buildup and attenuation must be considered.

"Therefore the mean value of the kernel was found over the

integral from x to xmx (Figure 7) and a value of t was

iteratively found such that its kernel and the mean just

found were equal.

,4

.I

.•,*



5 4

.31C, .t (x)) xp (- .t Nx)) dx

0

- " )xp

Td x

(2. 23)

"Where

"3 xmx w -sin(W- 1
3)/(2.cos(Y')) (2.26)

and

t(x) - cot Ci-,S) + cot(,a)

"- x-sin(Y)/Csinlp8)sin(Y-,O)) (2.27)

The results are given in Table 12 and are compared to

the results obtained by using t:va as the r2prosontative

73 value of t. Clearly there is no significant error in using

St^,. However there is a significant savings in computer

time. Again the program simply finds a value of w such that

the given DRF is obtained. Using tmm- instead of t~wm

simply changes the value of w -- but not the resulting DRFs.

7

) :
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TABLE 12

EFFECT OF USING T..K VS Tmwp IN DETERMINING

THE DOSE REDUCTION FACTOR FOR VARYING ENERGIES

OVER A MEADOW LAND

Energy DRF for DRF for Percent
(K&V) tftEa. tgvig difference

15000. 0.832 0.-28 0.41
10000. 0.833 0.831 0.35
8000. 0.834 0.832 0.31
6000. 0.834 0.831 0.26
5000. 0.833 0.831 0.24
4000. 0.832 0.830 0.19
3000. 0.826 0.825 0.15
2000. 0.817 0.816 0.087
1500. 0.809 0.808 0.032
1000. 0.811 0.811 -0.005
800. 0.810 0.811 -0.049
600. 0.807 0.808 -0.13
500. 0.811 0.812 -0.17
400. 0.813 0.815 -0.25
300. 0.817 0.820 -0.40
200. 0.797 0.802 -0.62
150. 0.793 0.799 -0.78
100. 0.745 0.748 -0.49
o0. 0.705 0.706 -0.091

60. 0.665 0.662 0.44
50. 0.649 0.642 1.03
40. 0.644 0.633 1.75
30. 0.647 0.631 2.48
20. 0.675 0.662 1.91

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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2.6.3

The buildup factcra and mass attanuaticn

conficionts for concrete arm used in the modal to roprasent

the ground surface. The "ground factor" is datormined by

iturative means using the Finn-Simmons 15-group, 1-hour fast

fission delayed gamma ray spectrum which is representative

]• mf a typical bomb fallout .pactrum [513.

Table 13 gives the necessary values of d/w and w tor
obtain the DRF* given in Tabol 9. The trough angle ' is

assumed tz be 45 degrees.

Of course, the ground roughness shiwlding factor cannot

be used directly on the disk source kernel. First the total

buildup factors for both the direct and indirect photons

must be determined for the ground, outside air, building

Li wall%, and inside air az demonstrated in the section of this

paper on combining buildup factors. In this section, thi

building itself was left out (excapt where the

inuignificance of varying trough angles was discussed); only

attenuation by the ground and air was considered. The total

effect of the ground factor on the attenuation provided by a

building will be discussed in Chapter 3. A listing and

description of the program that finds the ground factor w is

given in Appendix A.

LI
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TABLE 13

SUGGESTED GROUND EFFECT DOSE REDUCTION FACTORS

Surface w d/w ' degrees

Smooth plane a. 1. 45.
"Paved Areas 0.394 1. 45.
Lawns 2.370 0.959 45.
Gravelled Area. 7.468 0.897 45.
Plowed field 25.821 0.839 45.

4

4

I

4
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1 2.7 The Fallout Model

Th2 fallout sourca program modal% a 3tructur2 aa having

cylindrical walls and a flat roof. The arror in asuming

J the building is round is small and is not energy d2pandent

C523. The purpose is not to accurately predict the dose

reduction factor for any particular building, rather to

I prmdict how t;•i dose reduction factor will change with

sources o; different energies. The reference position is

taken as 1 mteor off the floor in the cantar of the

I structure. Infinity is taken as 12 mfps. The program was

tested to prove that the error in only integrating to 12

mfps is less than 0.001%. The program does thrve

I integrations: One for the reference unprotected exposure;

one for the exposure from material deposited on the roof;

and one for the exposure from material deposited on the

ground.

4

I
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The point kernel for exposure from a disk source, an in

the case of either the roof, 4loor, or ground (sne Figure

11), i•su

6(r) - 0.5 k 3 r/(r 2 + a2) exp(-mfp) dr (2.26)

where: "r" is the incremental radius of the disk;

"a" is the length of the normal from the center

of the disk to the detector;

"B" is the appropriata buildup factor for shield

(roof or wall" and air combined;

"k" in the energy dependent conversion constant

that converts "flux" to exposure;

and, "mfp" is the total number of mfps from the

ring of integration to the detector.

The kernels are integrated using a form of Simpson's rule

using rings of varying width to reduce computer time.

The program requires the input of the "equivalent

height", "equivalent radius", wall mass thickness, roof mass

thickness and the ground factors Y (degrees), d/w, and w as

discussed in section 2.6. Values for the mass thickness of

the walls and roof are given in the literature C533. The

mass thickness of lightly constructed, wood frame houses

varies from about 5 to 17 gr/cm2 with a median value of

about 10 gr/cm=. For brick and block houses the mass

thickness varies from about 10 to 32 gr/cm= with a median of

about 22 gr/cm=. The mass thickness of a 1 foot thick

4
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r concrete wall is about 61 gr/cm2 . The equivalent height of

"a structure may be found 6y integrating the uncollided gamma

photon path length over the structure's dimensions or

aestimated for reasonably square structures by finding the

radius of a circle with an equivalent area as the structures

floor plan.

The program calculates the unprotected exposure, the

exposure from sources on the roof and the exposure from

sources on the ground. It then calculates the DRF for

source energies from 15 KeV. to 15 MeV. and for the RSS

PWR-2 Fallout, the One Hour Weapon Fallout, the TMI Fallout,

and the SL-1 Fallout Spectra. Included in the c,-tput is the

g exposure that would be received from fallout internal to the

structure if the fallout was in the same concentration as

outside the structure. The internal exposure assumes no

shielding. However internal fallout is not considered in

the calculation of the DRFs.

A listing and description of the Fallout program in

given in Appendix B. Table 14 gives a typical output from

"the Fallout program. The results of the Fallout program

will be discussed in the next chapter.

• ~~~~~~~~~~~. ..-.......... ... .... , •.. . . . . . .......1". -. '. . . . , . . . . , . . . . . . ° . . o . .
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TABLE 14

TYPICAL OUTPUT OF FALLOUT PRCGRAM

,all Wood House on Lian, 21 Aigust 1994

] !nt~qation to 12 MFPs in air.
Ditoctor ii I ]#ter above ssootn plifl
Equivalent radius of structure 5.231 meters
Equivalent height of structure s 5.M• l etars
Vill mast thickness a 1I.3iI grict2
"Roof miss thickness m 3l.281 gr/lc2
The Ground Factors art

The trough ingle PSI s 45.3110 degrees
The charactoriltic trough width W a 2.3699
The ratio of flit to trough D/I a .9191

E(KeV) UNPROTECTED ROOF GROUND TOTAL EIP. ROOF CO:JT. DRF RATIO TO 1,12 Hr, ISISE
1.12 Hr, 14.83 .9441 53.37 6.751 .1399 .4553 1.38 4,443
RSS-Fallout 14.64 .9196 5.752 6.672 .1379 .4157 1.131 4,347
TMI-Fa11out 7,1!9 .4716 2.56i 3.232 .1556 .4319 .94R5 2.141
SSL-Fallout 7.134 .477? 2.619 3,.77 91546 .4327 .953 2.175

1!39i.5 138.4 8.772 63.92 72.59 .1248 .5244 1.152 39.23
12111.1 1391 6.482 (6.77 5V.25 .1217 .5278 1.159 26.73

-'I •III.. 84.19 5.448 38.9c 44.43 .1226 .5277 1.159 24,13
16111. 67.73 4,481 31.18 35.40 ,1240 .3241 1.151 19.51
51151. 59.49 3.872 27.12 31.91 .1253 .5194 1.141 17.24
4113.8 51.59 3.322 22.81 26.13 .1271 .1165 1.134 14.75
3:11. 41.60 2.696 18.23 21.92 .1291 .1231 3 1.15 12,28
2111.8 31,63 2.111 13.25 15.26 .1319 .4826 1.161 9.314
IN 1593.3 25.91 1.614 11.48 12.19 .1334 .4668 1.125 7,594
1332.1 23.42 1,472 9.398 13.87 .1354 .4642 1,819 6,922
!173.1 21.11 1.331 3.341 9.671 .1375 .4612 1.311 6.267
1388.3 18.34 1.166 7.152 8.316 .1412 .4534 .9958 5.!32
09i.1 15.15 .9711 5.802 6.773 .1434 .4478 .9817 4.60
662.1 12.75 .e214 4.a25 53,46 .1455 ,4428 .9726 3.368
631.1 11.66 .7511 4.375 5.126 .1465 .4395 .9651 3.524
-9•3., 9.644 .65 3.564 4.219 .1514 .4375 .9687 2.939
411.1 7.644 .135 2.013 3.316 .1548 .4338 .9526 2-'35
338.3 5.533 .3828 1.962 2.365 J"I9 .4274 .1386 1.696
231.1 3.688 .2371 1.239 1.446 .I63• .3922 .8614 1..16
"153.3 2.587 .1573 .7596 .9169 .1715 .3545 .7765 .7277
131.1 1.819 .7234E-I1 .3661 .4381 .1644 .2418 .5288 .4645
813. 1.661 .3876E-t1 .2199 .2586 .1499 .1557 .1421 .4346
61.1 1.619 .1216E-I1 .8242E-11 .9447E-11 .1276 .58712-I1 .1289 .4561
51.1 1.629 .3791E-12 .2992E-11 .3371E-11 .1125 .2169E-11 .4545E-31 .4545
41.1 1.739 .3695E-13 .3348E-12 .371BE-12 .9941E-01 .2137E-12 .4694E-12 .5854
31.8 2.175 .8636E-06 .622E-135 .7866E-15 .1222 .3415!-15 .7478E-15 .9195
21.3 2.754 .321BE-16 .0183 .3218E-16 1.133 .1165E-16 .2559E-16 1.769
15.1 3.145 ,AMil .333i .1031 .8889E*33 .3511 .1131 2.541

,
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The cloud source program used here models the structure

as a hemisphere (spe Figure 12). The exact height of the

reference position for this volume source is of little or no

consequence [543. Therefore the reference position is taken

as ground level. The basic source configuration is taken as

semi-infinite because the ground excludes its lower half.

Infinity is taken as 12 mfps. The program was tested to

prove that the arror in only integrating to 12 mfps is less

than 0.01%. The error would be less than 0.0007% except

that the buildup factors are large at large mfps. There are

no ground roughness or terrain effects for a cloud source.

The "Cloud" program (Appendix C) assumes the radioactive

material is uniformly distributed in the cloud. This

"assumption may be relaxed when the program is combined with

a dispersion model.

The point kernel for a hemispherical structure in a

semi-infinite uniformly distributed cloud source is

particularly simple.

"E " k-Bcoa-.exp(-mfpw -^vr).2.Pr- 2 /(4.•.r2) dr

*Jo (2.29)

o-

6
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Which reduces tot

E - k/2.exp(-mfpw) B/omm 2 .xp(-/&-r)dr

0fo (2.30)

The buildup factor has thr-e r~gions: (1) thi air betwen

tha hami.pherical cloud %hall (3s F~gu-m 12) and the

building; (2) the structurs dome and; (3) th3 intirior air.

Thus as discussed in section 2.4, the combined buildup

factor becomes:

3Comn = BAIx(r) , 3
wL-L-(r + t)/w.L-L(r)

3.-IR(r + t + a ,'/"3,x (r + t). (2.31)

H`jr• "i", "t', and "a" represent ths air between the

;'"ructura and the shell of integration, the roof and walls,

ainc thi intarior air respectively. 3 ,%xR i the buildup

factor for air and Bw^LL is the buildup factor for the

wall3. The thickness of the walls in mean frow paths is

r2prosented by mfpw.

Equation 2.30 is integrated using Simpson's rule. The

integration is done in regions varying from 0.2 mfp to 3.0

mfps in width to reduce computer time. The total

integration error is lass than 0.01%. Tabla 13 gives

typical results for a structure with an equivalent radius of

5 moetrs and walls 10 gr/cm= thick.

S. . . .,

-" .. -. . . . , ° . . ° . . . ° . .. . . , . - •- 4,
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I--4 Figure 12 C194E~ju--ekrllkiDggmt..



Burson a1nd Profio presented data showing that for

lightly constructed wood framn houses the wall mas3

thickness varies from about 5 to 17 gr/cm2 with a median

value of about 10 gr/cm'2 and for brick and block houses

from about 10 to 32 gr/cml with a median value of about 22

gr/cil [353. They also assumed that the roof and wall ar-

of equal thickness - which seems reasonable for new, energy

efficient construction. Their data were used for their

ground source model, and should be valid for a cloud source

also. However, estimates as low as 3.4 gr/cm2 appear in the

literature C563. The 10 gr/cm= figure was chosen as

representative of small wood frame houses and 22 gr/cm2 as

Srepresentative of brick faced houses. This discrepancy is

mentioned not to pass Judgment, but to explain why "he

numbers arrived at hare may be different than tho3e based on

other works C37,B]. It is not the purpose of this paper to

calculate protection factors, but to show how they vary witN

energy.

This paper is not the first to use a hemisphericalI

- "shell model to calculate protection factors for cloud

sources using point kernels [543, There are saveral

important differences however. First of all, the modal used

"here integrates to 12 mfps; the referenced model only goes

to 3 mfps. For a disk source, 3 mfps might be far enough,

however with a volume source there is no 1/R factor, thus 3

[I
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mfps excludes more than 5% of the source Cexp(-3) - .0498].

When the high buildup factors from these distances are

included, the error becomes significant. Second, the

previous model uses the buildup factors for water for the

walls, this model uses concrete. Third, the previous model

uses the linear formula for calculating the buildup factors

for the air outside the structure. As already discussed,

that formula is only good for thin shields. Fourth, that

model multiplies the two buildup factors togethar, rather

than combining them - thus introducing a conservatism.

Fifth, the previous model ignores buildup and attenuation by

air interior to the structure.

The hemispherical cloud model is easily extended to

include cases where the cloud is limited in size, either in

height by an elevated inversion layer or similar atmospheric

phenomenon; or in radius as it might be if the structure

were near the source. In the first case, the integration is

carried out as with an infinite cloud, however those shells

[see Figure 12] that are partially outside the height limit

are modified by a factor of h/r, where h is the height of

the top of the cloud, and r is the radius of the shell.

This factor gives the fraction of the volume of the

hemispherical shell below the height of the inversion layer

(h). In the second case the integration is terminated at

the cloud's radius. Both methods may be combined for clouds

i
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with haightz that arm mor2 limit2d than thair r-ii.

A daacription and program listing for this modal i3

given in Appandix C. Tabla 15 contains an example of a

typical program listing. The results of this program are

given and discussed in the next chapter.

J

1

I

'I

I
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TABLE 15

Typical Mall Wood Freu Hamu in infinite cloud I August 94

Integration to 12 RFPs in air.
Equivalent radius of structure 58,M mters
Nasl thickness of will$ .II14 or/cmoo2
Noxious cloud height a alUHI*oo eoters
Maximua clovd radius a ffea **e* oetrs

E(KV) l RIhOW Nlhr/Cio3 R/hr/Clee3 3F RIR(AMB) Excluslon
Unprotected Protected from int. Factor

ROS-CLOUD 540.1 372.7 M,922 .4912 I.M .9766
1.12 HR. 314.2 573.6 13.64 .7345 1.121 .976W

S THI-CLOUD 116.5 57.13 1.852 .5303 .7771 .9686
158 .1 .1277E+15 .1362E+15 121.4 .1312 1.214 ."988
1In"8.$ 19M9. 7393. U.19 .8299 1.212 .9102
WU.. 7144. 5914. 73.96 .8267 1.198 "9176
461.1. 5439. 4455. 59.86 .9192 !.197 .9"67
5811.1 4571. 3712. 52.92 .8121 1.177 .9"59
41M1 3617. 2959. 45.27 .8626 1.163 .9"49
3181 1 2929. 2225. 37.45 .7864 1.139 "9134
2181. 1959. 1405. 28.56 ,7591 1.118 ,9911
158.1 1512. 1112. 23.31 .7352 1.165 .9795

- 1332.1 1326. 963.5 21.24 .7266 1.353 .9784
1173.1 1153. 126.2 19.24 .7163 1.138 .9772
lg1.1 969.4 646.3 10.98 .7117 1.317 .9756
8141.1 771.1 526.1 14.12 .631 .9897 .9739
662.1 039.4 426.4 11.95 ./671 .9063 .9731
4W3.1 581.2 382.2 13.91 .. 575 ,927 .9725
506.1 471.8 312.1 9.123 .6414 .9278 .9713
41.1 371.9 221.3 7.167 .6164 .8931 .9697
311381 27138 156.9 5.235 .5794 .8395 .9679
211.3 197.8 96.41 3.241 .5134 .7439 .9675
151.1 135.1 61,25 2.235 .4461 .6464 .9642
18N.3 91.79 29.56 1.426 .3220 .4A65 .541
U.1 75.21 17.34 1.242 .2315 .3341 .9332
61.1 57.77 5.993 1.245 .1137 .1513 .8291

• 58.0 47.71 1.967 1.393 .4125E-11 .5976E-11 .5955
41.1 36.79 .1981 1.794 .5131E-82 .7289E-12 .9353E-11
31.1 26.43 .4121E-13 2.817 .1559E-14 .2259E-14 .1462E-13
"21.1 17.29 ,1386E-13 5.436 .6122E-15 .1162E-14 .2549E-14
15.1 13.24 Me 7.899 Nil .,414 .N1

4,So

S.-
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When radioactivs matzrials infiltrata into a structur2,

they contribute to the exposure received by someone inside

the structure. If a passing radioactive cloud depositad

particulate material, then there could be two sources

interior to a structure: the particulate material that i3

deposited on the floor of the structure and an intsrior

cloud of gaseous material.

Infiltration is the uncontrolled flow of air through a

building as opposed to ventilation which is controllad flow

(that is, it can be shut off). For a typical building,

infiltration causes from 0.5 to 2. air changes per hour

[593. Infiltration is proportional to the indoor-outdoor

temperature difference and windspeed as well as being a
,.

y function of building construction and condition r59,603.

Therefore, the rate of increase of radioactive gases

inside a building is a function of several parameters in

addition of the outside concentration. However, unless

•2 radioactive decay is rapid, the inside concentration will be

"essentially equal to the outside concentration in a manner

of minutes to at most a few hours.

The infiltration of particulate matter must also be

considered. It has been shown that the amount of

particulate matter in a building is roughly the same as

outside the building C613. However that work did not

1.
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determine how much of the particulate matter came from the

outdoor environment. The amount coming from the outside may

be very small. It was shown by measurements taken after the

1957 Windscale incident that "the deposition within a

building of iodine . . . from a cloud passing around it is

generally only 1 or 2 percent of the deposition on the

surrounding ground" 1623.

The remainder of this section deals with the exposure

received from sources inside a building that are of the same

concentration as outside. True exposure rates can be found

from these data by calculating the actual interior

concentrations from infiltration data.

4.

4"

4
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2.9.1 Intiricr Fallout

The Fallout modal also calculat-s the axposura

rc2ivgd from a fAllout %ourcm intmrior to a atructur4. It

asaumes that the concentration of deposited matarial is the

same as that exterior to the structure. The program allows

no shielding for the interior source. The exposure is

calculated using the same routine as for the infinita

unshialdad zmooth plane source that is used as the standard

for calculating DRFs. The only differmnc2 is that the

source is limited to the interior radius of the structure.

Figure 13 gives the ratio of the exposure received from

interior fallout to the sum of the exposure from both

interior and exterior fallout, assuming that the

concentrations are the same for both. When this ratio is

*• equal to 1.0, all the exposure is from the interior fallout.

When it is equal to 0. , all the exposure is from external

sources.

As shown in Figure 13, if interior fallout is of the

same order of magnitude as exterior fallout, it is always

important. Below approximately 100 KeV, interior fallout

can account for nearly all the exposure.

I

A

I

-._ i ..

* ... **-o
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2.9.2 Interior Cloud

The Cloud model also calculates the exposure

r-icivid from a cioud zou-c2 interior to a atructur-. It

alo assimes that tha ccncentration in tn6 intericr cloud i

the Game as that of th2 oxtarior cloud. The interior cloud

is also used to calculate the "exclusion factor" which is

useful in determining the importance of infiltration to the

total dos% received. The axclusion factor is d2fined as tha

ratio of the exposur2 from the exterior cloud to the sum of

the exposures from the interior and exterior clouds. An

exclusion factor of 1 means the interior cloud contributes

nothing to the total expcaure. A very small exclusion

factor means nearly all the exposure comes from the internalj

source. Figure 14 shows the value of one minus the

exclusion factor as the source energy varies. One minus the

)• exclusion factor is the ratio of the exposure from the

interior cloud to the total exposure.

As the energy of the source photons dacrease so does

their mfp. Thus, at low mnargies the interior source is

very important, but at higher energiea it is always

insignificant as shown in Figure 14.

0

6
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1 - exclusion factor

I 0.5 Smafl
House Large House
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CHAPTER III

RESULTS

S3. 1 j n

Tha rosu:ua that follow hava b~en obtainad from tha

programs that arm dCcumMntad In the Appandixes. Thay arv

not the only results that can be obtained. The programs are

designed to allow a very wide range of input data. The

Fallout and Cloud programs are intended to provide DRFs that

can be used as ratios to translate known DRFz to new

spectra. If a particular structt~re had a known DRF for the

1-hr. bomb spectra but, for example the DRF was needkd for

the TMI spectra; similar structure dimensions should be used

as input to the programs. The results would include a 1-hr.

bomb spectra and a TMI spectra value. Tho ratio of these

two values should b& multiplied by the known valua to obtain

the required DRF for the structure. However, th2 results

found by the programs are very close, often within 1

percent, to the values found for similar structures in the

literature. Therefore the results reported here do not

include any such translations. DRFs for other spectra can

be obtained from the values for specific energies that are

7
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C given as part of the program outputs.

In order to compare results for specific structure

types, the following structures are definad from values

j found in the literature C553. A "small wood house" has a

roof and walls of 10 gr/cm2 mass thicHness and a 5 m.

equivalent radius and height (about 1000 sq. ft. of floor

Snarea). A "large brick house" has 22 gr/cm2 walls and a 22

gr/cm= roof with a 10 m. equivalent radius (about 3000 sq.

ft.). A "Small Block House" is 1 moter in radius, 2 meters

4 high and has 1 foot thick concrete walls. The "thin walled

house" has walls of 3.4 gr/cm2 mass thickness. The "thin

walled house" is included to alloK comparison with values

5 found in the literature C56,57,583 as discussed in Section

2.8.

The ground rcughness surface typvs use the parameter

* values reported in Table 13.

I

I

"I,

I
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Ground roughness factors are used in thi currant

2hi2lding lit2ratura an multipliars for DRFs found for

structures alone. H~wmuvar, bcauuse the ground roughn~se

changs tMn spoctra of tha fallout radiation zourc2, and

further because the change in the apectra is onergy

depandent, the ground roughness factor cannot be separated

From the total DRF, mxcapt for specific spectra. In order

to mue the &nargy dapindent naturs of the ground roughness

iactors, the DRF% obtained for a structurm surrounded by a

particular ground type can be divided by the DRF2 obtained

fcr the same structure 2urroundod by the hypothetical

infinite smooth plane. Figure 15 shows the effect of

Ground Roughness on the mxposure inside a small wood framed

house. The figure represents the ratio of the DRF found for

the house, with the ground taken into account, to the DRF

found for thg same house over a smooth plane. Thus the

plotted result is the DRF associated with the ground offmct

in tha way it is usually usad, that io to multiply the DRF

found for the structure itsalf. Figure 16 does the same for

a large brick house.

The Lawn, Gravel, and Plowed Field would give DRFs of

3.80, 0.70 and 0.60 respectively if found 4or an infinite

plane with no structure present. With a structure present,

the DRFs are smAllmr (the affect greater) for energies above

V x
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-. J K0V for j ý;mall wood houja and 0 K,3V for a larg3 brick

hczui, Th-i DCF3 ar3 ,mallar bocauze the structure walls

provII2 graat~r attznuatlon for tho photons that hav, lomt

:ýn,ýrgv in interactions with the ground. Below the 30 and 50

KaV eomrgien, the mfps of the gammas are so short that the

ground plays almost no rola in tho shi3lding.

);1
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3.3 Effict of 3ýilding Siz _ on Fallout Exooiur•,

Figuri 17 shows tha energy dependent DRF% for "amall

wood houses", "larg2 brick houses", and "small block

houses.' For a small wood house on a lawn, the DRF is

nearly constant for energies greater than 300 KeV. Below 40

KeV, the DRFs (and therefore the doses) arm near zuro. With

the large brick house and the "block" house, the DRFs

increase nearly linearly with the logarithm of energy over a

wide energy range.

Figures 18 and 19 demonstrate the effect of increasing

structure dimensions. Figure 18 shows the effect of

increasing the building size (effective radius) for a wood

structure. A doubling of the building radius reduces the

DRFs by about 22% uniformly for all energies. This is

because increasing the building size effectively removes

part of the source. Figure 19 shows the effect of

increasing tha wall thickness for a small house. Note the

sharp drop in the DRFs at lower energies and with increasing

wall thickness. The effect of increasing the wall thickness

is much more energy dependent than increasing building size.
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3.4

Tha effective DRF vs. Enargy curve for four difflrint

structurms is given in Figure 2A. The results of incr~aming

the building size are pronouncad. Figure 21 shows th4

effect of increasing wall thickness on the DRF for &n

infinite cloud sourca. The effect is nearly the sam. am

ieen in Figurs 23, Figure 22 shows that offect nf

increasing thw ouilding effactive radius for a structur- i%

very small. This is due to the nature of a spherical

source, which has no "I/R" dependence.

Figures 23 and 24 demonstrate -the effect of limiting

the cloud size. Limited cloud size has very little effect

on the DRFs. However, while the DRFs are not effected, the

doses are greatly effected as shown in Figure 25. The

kernel plotted in Figure 23 includes the exposure rata term,

which is energy dependent. The effect of limiting the cloud

size is to reduca the number of higher energy gamma photons

that can reach the structure. Both the protected and

unprotected exposures are limited in FigureA 23 Qnd 24.
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C CZCLUS I C N

Tha contributicn3 of thi3 diil.,rtaticn to thi curraint

litiraturu comr in thrum wayiI first, in th.- qua:zionz it

anawers; second, in th3 modjl8 djvalop*;; and third, in tha

results of the modols.

The primary result of this work is its answmring of th2

question, "Can the DRFS found for ono spectra ba usfd for

cases involving other spectra without serious error?"

The Reactor Safety Study as•umad a DRF of 0.33 for all

photons from all isotopes mithar from cloud or fallout

sources [633. The results raportmd herm cliarly show that

this assumption is not strictly in accordance with rmality.

Other works have uzed the DRFs found for weapon fallout to

predict the outcome of a reactor accident CB,9,10,il]. In

all these works, the underlying assumption was that their

numbers were "conservative". This work can be used to prove

or diaprove those assumptions and make the results closar to

reality.

Table 16 gives DRFs found for fallout using the model

Just presented. Table 17 does the same for cloud sources.

93
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"TABLE 16

DRFz FOR FALLOUT SPECTRA

Spectra Structure DRF

S1. Hr Fallout Small House on Lawn 0.455
PWR-2 (RSS) 0.456
TMI - Fallout 0.432
SL-1 - Fallout 0.433

1. Hr Largo House on Lawn 3.134
SPWR-2 3.192

TMI 0.123
SL-1 0.125

1. Hr Small Block House/graval 0.074
PWR-2 3.285

STMI 0.021
SL-1 0.022

1. Hr Small house/ smooth plan. 0.611
PWR-2 3.610
TMI 0.388

SSL-1 0.589

1. Hr Large House/ plowed Field 0.144
PWR-2 0.149
TMI 0.102
SL-1 0.103

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TAOLE 17

DRFs FOR CLOUD SPECTRA

Spactr-a Structure DRF

PWR-2 (cloud) Small Wood House 0.690
TMI (cloud) 2. 536

PIAR-2 Largm Brick HouzoC344
TM1I 2. 255

Pý4R-2 Smnall "3lcck Houaa' 0. 106
TM1I 0. 036

PWR-2 Small "Thin Walled House" 0. (71
TMI 0. 008
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The decade old question, "Is the DRF for a PWR-2 avant

approximat3ly equal to that of fallout frcm an 'atomic

bomb'?", is answered - yas! That was a good asuumption.

This answer may seem a bit surprising until the definition

of a PWR-2 event is recalled. A PWR-2 event (see the

introduction) involves the sudden release of a significant

amount of cor2 material without decay time E163.

The DRFs for accidents that have happened (SL-1 and

TMI) are smaller than those of a PWR-2 event. This i1

especially the case for largo buildings with thick walls.

This is because most of the radioactive material reloased

consisted of Xe-133 which has a 81 KeV photon that is

comparatively easy to attenuate.

It is not a unique observation that large buildings

attenuate photons more than small buildings, however the

magnitude and energy dependenc2 of the differinces is

unique. The values given here can influence decisions

concerning where to seek shelter and whan to evacuate. The

values found here can be extended to vehicles also. A

vehicle has very little material for shielding (about 2

gr/cml) C113 and a very high infiltration rate (about 16 air

changes every hour at low speeds) C643. Therefore, if the

public is evacuated while a radioactive cloud is passing,

they may receive a much higher dose than if they sought

shelter. This work should influence that decision. In a
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particular situation, for example, thia work would '-alp show

theit it may bn zafir to 32k shaltir in a lirgi ofiic2

building or factory that is nar by than it i1 to attimpt to

zyicuat3 on a crowded highway.

Ther- were other important contributions made during

the davelopment of this work. First, there is now a simple,

9asily undwratocu mathod for accurately comb.n.r.1 !r!Idtup

factor3 in multi-ragion prublams that warkA for all

r3maonable gamma energies. Previous methods were eithar

bazad upon con~arvatism rather than accuracy, or had a

narrow range of energies for which they were applicabli.

Second, there is now a modal for determining the

shielding effect of ground roughness that is applicabli to

all spectra. Pravious models were only applicabla to a

particular mpectrum.

Third, there is now a modml for determining the change

in shielding factors with changing source anargy for a

particular shiald. Previously, each new source rmqu'red the

2ntirs shielding problem to be ru-solved, now the problam

needs to be solved only once -- and the results for all

unergies can be doterminad.

The results reported in this work, and the methods

presented for extending them to other situationa are also

very important contributions.
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It was not known that the ground -oughness factor was

2sa3ntially energy independant above 230 KaV (se Figuras 15

3nd 16).

It was not known how the DRFs provided by structures

for fallout varied with anergy -- it was not known, for

instance, that above 200 KeV the DRF for a small house is

afsentially constant, but below - KaV it is essontially

zaro (sea Figure 17). It was not krnwn that the DRF for a

large house varies somewhat linearly with the logarithm of

2nrrgy over a large energy range.

It was not reported that the DRF of a structure in a

=loud aource was essentially independent of the building's

size (effective radius). It was not rvported that the DRFs

for a cloud source were essentially indrpendent of ony

limitations on the clouds height or radius. That is, the

same DRFs can be used during inversions or very close to th2

point of release, and during all stability conditions

(provided the clouds radioactive composition remains

uniform) that are used for infinite clouds.

The relative importance of interior fallout and cloud

sources as a function of energy was not known. It is now

known that for a large house, at energies below about 100

KeV essentially all the dose from fallout could come from

dirt that infiltrates into the house, rather than from

exterior fallout (see Figure 13). It was not reportsd that
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int:erior clouds ar3 unimportant in small hous2s for n2arly

All -n._rgis: axc-pt bzaow about 70 KcV ( Figure 14).

In 3ummary, a model for the protecticn provided by

structures, such as homes, against reliases of airborne

radioactive mat2rials, as a function of thu gamma energy

spectrum of the releasrd niatarial haz beon developed and

2valuatd -- that was th3 obj2ctive of thi3 rIssarch.



CHAPTER V

RECOMMENDATIONS

This modwl is but a part of a larger work which 3hould

, complitid and 2hould includa a dizparsion modal, an

*vacuation modal and an infiltration modal (see Figure 1).

The data derived from this model should then be used to

predict the exposure the public could expect to recaive from

a release of radioactive material of any kind. This should

be done on a real time basis as outlined in the introduction

so that informed decisions can be made regarding evacuating

or sheltering the public in order to reduce exposure and

injury.

A 3imple method cf measuring the effective mass

thickness of the walls of existing structures should be

developed to allow rapid surveying of pcpulated areas where

radioactive releases are most likely to happen.

A Monte-Carlo study should be conducted to determine

the exact accuracy and limits of applicability with regard

to varying Z number and energy of the method presented here

for combining buildup factors in multi-region problems.
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APPENDIX A

GROUND FACTOR PROGRAM DESCRIPTION AND LISTANG

The Ground Factor program calculates the valu2 of the

trough width w (se Section 2.6.2) that gives a known CRF

for a specified spectra. The ratio d/w and the angle must

also be specified (see Equations 2.19 and 2.20). Tha value

of w found is reqiiired as input to the Fallout program.

When the Ground Factor program is run, it will ask for

input data as shown in Figure 26. After asking for a title

and date for 1he output listing, the program asks for a

"Radius to the inside of an infinite disk in meters." This

value is normally zero, indicating integration over an

infinite plans. A value other than zero can be used to

study the effect of a central void in the source, such as

that caused by a house. The next question asked is "Do you

wish to calculate a TERRAIN FACTOR from a known DRF?".

Normally the answer should be yes (y). The no (n) option

allows a quick listing of the output for a known value of w.

Only a "yes" will calculate w. The program can presently

find w for values of the DRF found for the Cs-137, Co-60,

PWR-2, and 1-Hr bomb fallout spectra. After choosing the
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prcp2r spactra, you must input thm givan DRF, d/w and I'.

Th:- prcgjram then it~r3tivýily find3 w and giv.is tha reosultant

:,3F's for on,,rgi-:s from 15 K_-V to 15 MaV and for th2 PWR-2

.and 1-Hr bomb fallout sp~ctra as hhown in Tabl2 13. Tha

program refers to w as the "terrain factor" and Y'as

"theta".

Thi program is written in •22r_2_fA FCRTRAN 3.13. This

i3 a vir~ion of FCRTRAN 77. Th,_•r3 *r3 no non-standard

FORTRAN commands in thn program. Thz program was run on a

T---- In trun-nti Prc- •vlirni!nCkml~r (PC) which uses an

n processor and an ?7`17 co-prcc-smor. The program was

run under the MS-DOS 2.11 operating %ystom. However, it

should run on any ccrtputer capable of using FCRTRAN 77. The

program takes approximately 30 minutes running time.

Cautiun, the program is written is FCRTRAN, the input

rEjuir~s decimal points.
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TA3LE 18
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The MAIN program dirmcts tha input and output of the

program dat3. Subroutine SIMPS carrias cut thi intcqration;

by using Simpson's rule. The number of incrimrnti ii

automatically increased until the desired accuracy ii

obtained. Subroutine PROTECT speeds the intagration of the

disk source by dividing the disk into rings which converge

to integrals faster. Function DISK finds the kornal for tha

hypothetical infinite smooth disk source. Function GRCOLD

calculates the karnel for the fallcut using the mat&vds

&zv~lcpQd in 'action 2.6.2.

Function AMU finds the mass attenuation coaficinnt for

air. Function BUF finds the buildup factor for air.

Function MUCONC finds the mass attenuat-.o coeficiant for

the ground. Function BCCNC finds the buildup factor for the

ground. Function ROENTG finds the factor tor converting

flux to exposure.

The listing of the Ground Factor program follows.
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PROZRAM GRDFCT

CHARACTER CTITLE*11•,YORN*1
INTEGER IN, OUT
"REAL E(28), MU, MFPI, LININT
REAL EGROUP(23,4), FRA-T(29,4)

C EXTERNAL DISK, GROUND
COMMON /ENERGY/ EKEV, MU, BU, W,THETA,DOVERW
COMMON /INOUT/ IN, OUT

*, COMMON /OLDJ/ EOLD, JOLD
COMMON /OLDJ2/ EOLD2, JOLD2
COMMON /FLAG/ RMAX
COMMON/KERNAL/TOTKR N,TOTDOS,TDIRT,MFPI,D2,RI

C " NOTE RADII ARE IN METERS, ENERGIES IN KeV, DENSITIES IN gr/cm*2
C

DATA E/15.,2•.,30.,40.,50.,60.,60.,100.,I50.,200.,300.,
1 400.,500.,•0., 62., 6g0.,100.,1173.,1332.,1500.,
2 200 3~. ~ ~ .,00 SO.,150,15000./

- DATA EGROUP /661.0,19*8,,173.2,1332.5,1S*0.,

2 25.,75.,!. .250.,3.0.0.,75.,900.,165.,
*-_,3 1500.,1830.,2250.,2750.,3500.,45L0.,5*0./
S-. DATA FRACT /1.,19*0.,

2 .1696,.2431,.2760,.2183,.0930,15*0.,
3 .0271,.0137,.0737,.0476,.0929,.1373,. 1717,. 1627,

OS4 . BB9,.0957,.0299,.0397,.0148,.0042,.0001,5*0./
Clf****** LINEAR INTERPOLATION FUNCTION

LININT(X,XI,X2,YI,Y2) z (Y2-Y1)*(X-XI)/(X2-XI) + Y1
CAA.AAAA. . ATTEMPT TO CONTROL PRINTER FROM FORTRAN TO COMPRESS PRINT

OPEN (1,FILE='LPTI',STATUS='NEW',ACCESS='DIRECT'
"I ,FORM='UNFORMATTED',RECLzI)

WRITE (1)27,15
CLOSE (1)
"OPENtIFILE='LPTl')

C

C*- *************INPUT TITLE FOR EACH L*S**G**********************
807 FORMAT(IHO,32X,'SEMI-INFINITE DISK SOURCE IN AIR',

I ' WITH NEW GROUND FACTOR USING Tave. 13 JULY 1984')

""PEN(1,FILE='LPTI')
"C

OUT x I
"- EOLD 0 .0

EOLD2 0.0
IN - 0
NSPEC 2 0

WRITE(*,2?0)
290 FORMAT(IX,'INPUT TITLE/DATE OF OUTPUT')

)••'
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READ(*,291)CTITLE
291 FORMAT(A116)
292 FORMAT(IHO,15X,A116)

C-------------------------------
WRITE(OUT,607)
WRITE(OUT,292)CTITLE
WRITE(OUT,S08)
WRITE(OUT,804)

300 WRITE(*,301)
301 FORMAT(IX,'INPUT RADIUS TO INSIDE OF INF DISK IN METERS ',\)
302 READ (*,303) RRI
303 FORMAT(F13.6)

ii*
C*****ROUTINE FOR FINDING TERRAIN FROM KNOWN SPECTRA

729 WRITE(*,730)
730 FORMAT(IX,'Do you wish to calculate a TERRAIN FACTOR ',

I 'from a known DRF? (y or n)',\)
READ(*,731)YORN

731 FORMAT(AI)
IF(YORN.EQ.'Y'.OR.YORN.EQ.'y') THEN

GOTO 750
ELSEIF(YORN.EQ.'N'.OR.YORN.Eg.'n') THEN

GOTO 722
"E.SE

SOTO 729
ENDIF

T W;TT( '*,732)

732 FC1Ti•T 'Choose the spectrum from which your DRF was optain~d:
• i ' Cs-137 [input 1]',/,' Co-60 [input 23',/,
2 R' actor Safety Study [input 31',/,
3 1.12 Hr. Bomb deposition [input 41',/,
4 ' "ther -limit 20 groups [input 53 ? ',\)

IE A!( ,733)NSPEC
737 FORMAi(II)

IF(NSPEC.GE.I.AND.NSPEC.LE.5) GOTO 734
GOTO 750

734 IF(NSPEC.LE.4) SOTO 760
WRITE(*,799)

799 FORMAT(IX,'THIS FEATURE IS NOT IMPLEMENTED YET - TRY AGAIN')
GOTO 750

"760 CONTINUE
735 WRITE(*,736)
736 FORMAT(IX,'Input given DRF ',\)

READ(*,303)GIVEN
722 WRITE(*,766)
766 FORMAT(IX,'Input given D over W ',\)

READ(*,303)DOVERW
WRITE(*,767)

767 FORMAT(IX,'Input given theta ',\)
READ(*,303)THETA
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IF(YORN.EO.'N.OR.YORNý.EOTh') SOTO 721

N3 0
OUESSI =1

W2 2. 0
W3 W2

703 CONTINUE
SUMDEN x 2

SUMNOM = 0.
W = W3
WRITE (*,777)W,GUESS2

777 FORMAT(IH ,/,' GUE-SS= ',G14.7,j2 'PROTECTION FACTOR ',G14.7)
D0 701 IEKEY = 1,20

EKEY EGROUP(IEKEV,NSPEC)
FRCT FRACT(IEKEV,NSPEC)
RP1AX I.E8

C----RESET RMAX IN FLA~G EACH TIME ENEeGY IS CHANGED
IF(FRCT.E.O.) GOTO 701
WRITE(*,806) EKEV

C----LET YOU KNOW PRUGRAM IS RUNNING
CALL PROTECT(DRF)
WRITE(*,702) DRF

SUMDEN x SUMDEN + TOTKRN *FRCT

SUMNOM a S'JMNOM + TDIRT *FRCT

702 FORMAT(1X,(PF = ',014.7,\)
701 CONTINUE

IF(,N3.EQ.O) THEN
GUESS2 aSUMNOM/SUMOEN
N3 =1
W3 =LININT(SIVEN,GUESSI,GUESS2,W1,W2)
GOTO 700

ELSE
GUESS3 a SUMNOM/S'JMDEN

END IF
IF(ABSSGUESS3-GIVEN).LT.I.E-4) GOTO 720

j GUESSI a GUESS2
GUESS2 x GUESS3
WI W2
W2 =W3
W3 z LININT(GIVEN,GUESS1,GUESS2,W1,W2)
GOTO 700

4720 CONTINUE
WRITE(*,777)WtGUESS3

721 CONTINUE

IF(YORN.EQ.'Y'.OR.YORN.EO.*y') GOTO 740
WRITE (*, 304)
READ(*,303) W

304 FORMAT(1X,'INPUT TERRAIN FACTOR ,\
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740 CONTINUE
RI = RRI
WRITE(OUT,809)R1
WRITE(OUT,820)W
IF(NSPEC.EQ.O) WRITE(OUT,791)
IF(NSPEC.EQ.,) WRITE(OUT,792) GIVEN
IF(NSPEC.EQ.2) WRITE(OUT,793) GIVEN
IF(NSPEC.EQ.3) WRITE(OUT,794) GIVEN
IF(NSPr. EQ. 4) WRITE(OUT,795) GIVEN
IF(NSPEC.EQ.5) WRITE(OUT,796)
WRITE(OUT,797) DOVERW
WRITE(OUT,798) THETA

791 FORMAT(16X,'Terrain Factor given as input')
792 FORMAT(16X, 'Terrain Factor calculated from Cs-137 spectrum.',

1 ' Given a ',FIB.4)
793 FORMAT(16X, 'Terrain Factor calculated from Co-60 spectrum.',

I ' Given x ',FI0.4)
794 FORMAT(16X, 'Terrain Factor calculated from RSS spectrum.'

I ' Given = ' F12.4)
795 FORMAT(l6X,'Terrain Factor calculated from 1.12 Hr.',

I ' fallout spectrum. Given a ',FI0.4)
796 FORMAT(16X,'Terrain Factor calculated from given spectrum')
798 FORMAT(16X, 'Theta (ground sawtooth angle) a ',F10.4,' degrees')
797 FORMAT(16X,'D over W (ratio of flat surface to groove) ,

I F10.4)
411 CONTINUE

WRITE(OUT,803)

C%%%%% ROUTINE FOR GENERATING ENERGY/DRF TABLE

DO 601 IEKEV = 28,1,-I
EKEV = E(IEKEV)

WRITE(*,806) EKEV
806 FORMAT(IX,'E(KeV) ',GI8.5,\)

RMAX = l.EB
C ----- RESET RMAX IN FLAG EACH TIME ENERGY IS CHANGED
C--...LET YOU KNOW PROGRAM IS RUNNING

-J CALL PROTECT(DRF)
WRITE(OUT,802) EKEV,TOTKRN,TOTDOS,MFPI,D2,

I TDIRT,DRF
01 CONTINUE

800 CONTINUE

4
CQ@O@@ ROUTINE TO FIND DRFS FOR SPECTRA

DO 500 NSPEC z 3,4
"SUMDEN a 0.
SUMNOM a 0.
SUMDO a 0.

DO 501 IEKEV a 1,20
EKEV - EGROUP(IEKEV,NSPEC)

RMAX " I.E8

-°
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C----RESET RMAX IN FLAG EACH TIME ENERGY IS CHANGED
FRCT =FRPACT(IEKEV,NSPEC)

IF(FRCT.EQ0.3) GOTO 101
WRITE(* ,836) EKEY

C----LET YOU KNOW PROGRAM IS RUNNING
CALL PROTECT(ORF)
WRITE(*,702) DRF

SUMDEN a SUMDEN + TOTKRN * FRCT
SUMNOM = SUMNOM + TOIRT *FRCT

SUMDOS = SUMDOS tTOTDOS * FROT
501 CONTINUE

DRF = SUMNOM/.qUMDEN
IF(NSPEC.EO.4)WRITE(OUT,535)SUMOEN,SUMDOS,SUMNOM,DRF
:F1NSPEC. EQ.3)WRITE(OUT,510) SUMUEN,SUMDOS,SUMNOM,DRP

525 FORPIAT(1X,15X, '1.12 Hr. ,5X,2(510D.5,3X) ,******,x

513 FORMAT(1X,15X,'RSS

500 CONTINUE
302 FORMAT(1X, ISX,6(G1O.5,3X) ,3X,S10.5)
903 FORM'AT(1HO,l5X,'E(KeV)',6X,

I KERNAL',6X,'R/hr/Ci*m2',4X,
2' MFP1',4X,'D2 (meters)',2X,'TERRAIN KER1NAL',9X,'DRF')

BOB FORMAT(IHO,15X,'Integration to 12 MFPs in 3ir. ')
'1 09 FORMAT(16X, 'Radius to inside of disk in infinite plane x
J I F9.*,,' meters')

804 FORMAT(16X, 'Detector is I meter above smooth plane')
829 FORMAT(16X,'Terrain factor a ',F12.4)

STOP
END

C SUBROUTINE PROTECT(DRF)

REAL TOLER(10),DMFP(10),KERN,M'J
EXTERNAL DISK,GROUND
CO MMON /ENERGY /EKE Y,MU, BU, W,THE TA,DO VER W
COMMON/KERNAL/TOTKRN,TOTDOS,TDIRT,XXJMI ,D2,RI
DATA TOLER/1.E-4, 1.E-4,1,E-4, 1.E-4, I.E-4, 1.E-4,
1 1.E-4,1.E-4,1.E--,1.E-2/
DATADMP.0,0,0,1.,,12.,.1/

O---RHO = DENSITY OF AIR AT STP 0,001293 gm/cm**3
RHO a 0.001293
AMUEKY n AMU(EKEY)
MU z AMUEKY * RHO

13 ~----DISTANCES ARE IN METERS, MU IN INVERSE CENTIMETERS, XJ IS IN MFPS
TOTDOS xe
TOTKRN =0.
TDIRT a 0.
N1=0
N2=0
XDOSE = ROENTG(EKEV)
Do 805 J a 1,10
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XJ a DMFP(J)
TOL TOLER(J)

-Co*** IF RI IS GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
XJM1 = RI * MU * ljo.

IF(XJ.LE.XJMI) GOTO 835
NI = Ni + I
D2 = XJ/MU/100.

) IF(NI.EQ.I) THEN
XXJMI 2 XJM1

ELSE
"XJMI a DMFP(J-I)

END IF
D/ = XJM1/MU/100.

CALL SIMPS(Dl,D2,TOL,KERN,DISK)
DS = XDOSE * KERN

TOTKRN = TOTKRN + KERN
TOTDOS = TOTDOS + DS

CALL SIMPS(DI,D2,TOL,DIRT,GROUND)
TDIRT z TDIRT + DIRT

805 CONTINUE
DRF a TDIRT/TOTKRN
END

C
FUNCTION GROUND(R)

C.**,**** POINT KERNAL FOR A DISK SOURCE
REAL MU, HYP, MUCONC, MUDIRT, MFPG, MFPAIR,MFP,INDIR
COMMON /ENERGY/ EKEV, MU, BU, W, THETA,DOVERW
COMMON /FLAG/ RMAX

"C NSKIP aB
PI a 3.141592654
HEIGHT a 1.0

C ----- STANDARD REFERENCE POINT FOR A DOSE IS I METER , 'OM GROUND
C ----- FIND THETA FROM R AND HEIGHT

IF(R.GT.O.) THEN
BETA x ATAN(HEIGHT/R)

ELSE
BETA z PI/2.

ENDIF
THETAR - THETA/18.*PI
TAVE x 2.

AuW

C ----- IF BETA GREATER THAN THETA THERE IS NO ROUGH GROUND EFFECT
IF(BETA.GT.THETAR) GOTO 100

C ----- FIND A FROM W, THETA, AND BETA
"A a W * SIN(BETA) * COS(THETAR)/SIN(THETAR + BETA)

C ----- A IS THAT PART OF GROOVE THAT IS NOT IN SHADDOW
C ----- FIND AVERAGE THICKNESS OF EARTH INDIRECT PART PASSES THROU

TAVE a W/4. * SIN(THETAR)/(COS(THETAR)*SIN(BETA))
Ct**** DO NO' WASTE TIME CALCULATING UNNECESSARY VALUES OF TAVE
C ----- FIND D, THAT PART OF GROUND THAT IS STILL FLAT
103 D * DOVERW * W

p.
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DIRECT = DA + D)/(W+D)
I IND!R = (W - A)/(W+D)

C ý4RITE(*,302)THETA,THETAR,DOVERW,W,TAVE,2ETA,R,HEI3HT
HY? = SlRT(HEI3HT*HEI3HT + R*R)
'FPAIR = MU * HYP * 122.
3UAIR BUF(EKEV, MFPAIR)
RHODRT = 1.3

C***** SPEC. GRAV. OF DIRT IS APPROX 1.3 SOURCE: MECH. ENO. HANDBOOK
MUDIRT = RHODRT * MUCONC(EKEV)
MFPG = MUDIRT * TAVE
IF(MFPG.GT.12) THEN

TERAIN u 0.
3OTO 20

END IF
UF I 3UF(EKYV,MFPC + MF PAIR)

BUF2 x BUF(EKEV,MFPG)
DUF3 u BCONC(EKEV,MFPG)
TERAIN a INDIR* EXP(-MFPG) * BUF3 * BUFI/DUF2

20 DISKI: .5 * BUAIR*EXP(-MFPAIR) * R/HYP**2.
GROUND 2 DISKI * (DIRECT + TERAIN/BUAIR)
RETURN
END

SU3ROUTINE SIMPS(LOWER,UPPER, TOL, SUM, F)

C NUMERICAL INTEGRATION BY SIMPSON'S RULE.
C

INTEGER IN, OUT, PIECES, I, P2
REAL X, DELTA, LOWER, UPPER, SUM, TOL
REAL ENDSUM, ODDSUM, SUMI, EVSUM
COMMON /INOUT/ IN, OUT

C
PIECES = 2
DELTA = (UPPER - LOWER) / PIECES
ODOSUM z F(LOWER + DELTA)
EVOUM 2 0.0
ENDSUM = F(LOWER) + F(UPPER)
SUM = (ENDSUM + 4 * ODDSUM) * DELTA / 3.0

5 PIECES a PIECES * 2
P2 a PIECES / 2
3UMI SUM
DELTA - (UPPER - LOWER) / PIECES
EVSUM EVSUM + ODDSUM
ODDSUM 0.0
DO 10 1 1 ), P2
X = LOWER + DELTA * (2 4 I - 1)
ODDSUM m ODDSUM + F(X)

10 CONTINUE
SUM = (ENDSUM + 4.0 *ODDSUM + 2.0 * EVSUM) * DELTA / 3.0
IF(ABS(SUM - SUMI) .GT. ABS(TOL * SUM)) GOTO 5
RETURN
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END
C

FUNCTION DISK(R)
C******** POINT KERNAL FOR A DISK SOURCE

REAL MU, HYP
COMMON /ENERGY/ EKEV, MU, BU, W, THETADOV'ERW
A = 1.0

C ----- STANDARD REFERENCE POINT FOR A DOSE IS I METER FROM GROUND
HYP SQRT(A*A + R*R)
BU = BUF(EKEV, MU * HYP * 100.)
DISK z .5 * BU*EXP(-MU*100.*HYP)*R/HYP**2.
RETURN
END

FUNCTION AMU(EKEV)
C MASS ATTENUATION IN cm*2/gr

REAL E(26), MUORHO(2b), LOGINT
C ----- AIR MASS ATTENUATION DATA FROM RADIOLOGILAL HEALTH HANDBOOK
C ----- , JAN 1970, PS139
C

DATA E/10.,15.,20.,30,,40.,50.,6., 8.,100.,150.,200.,30.
1 400. ,500. ,600. ,B00. ,I000. ,1500.,2000. ,300. ,4000. ,5000.,

DATA MUORHO/ 4.99,1.55,0.752,0.349,0.248,0.208,0.188,0.167,0.154,
1 0.136,0.123,0.107,0.0954,0.0870,80.005,0.0707,1.0636,
2 0.0519,0.3445,0.0358,0.0308,0.0275,0.0252,0.0223,
3 0.0204,0.0181/

C
C----USE LOG-LOG INTERPOLATION

LOGINT(,X,XI,X2,YIY2) = EXP((ALOG'Y2)-ALOG(Y1))*
I (ALOG(X)-(.LOG(X1))/(ALOG(X2)-ALOG(XI)) + ALOG(YI))

C
C

J=2
C ------- use lowest two data points for energies below table

IF(EKEV.LT.E(1)) GO TO 212
200 IF(EKEV - E(J)) 212,211,210
210 J = J + I

IF(J.LT.26) GOTO 200
C ------- use highest two data points for energies above table

GOTO 212
211 AMU a MUORHO(J)

RETURN
212 CONTINUE

AMU a LO3INT(EKEV,E(J-1),E(J),MUORHO(J-1),MUORHO(J))
RETURN
END

C
FUNCTION ROENTG(EKEV)

C This function converts BUF adjusted flux to R*m**2/hr/Ci
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REAL E(26), M1UORHO(26), LOSINT
A-- -- ~ir mass absorption data from NSIRDS-NDS 29, 1IY69 pg 23 & 21

1 431. 150 , 600., 803. 1, .3 , 1500. , 20200. , 3200 . , 4002. ,52030.,

DATA ?1UORrHO/ 4.61, 1.23,3.511 ,0.148,3.0669,.0426,.0325,,0-43,
I .02234,.,22., ,.02.2,.012S9,.0295,.0296,.0295,.02-39,.02L76,
2 f.'2ý4,.0234,.0205,.3186,.0174, *0164,.3152,.0145,.0132/

C
'--USE LOS-LOS INTERPOLATION

LOGINT(X,X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(Yl) 1*

c AO()AO(1)~LGX)AO(i)+AOi1

C ---------use lowest tw~o data points for energies below table
IF(.cKEV,LT.E(l)) GO TO 212

2123 IF(EKEV - E(J)) 212,211,210
.10 3 = 3 + 1

IF(J.LT.26) GOTO 220
C -- -- -- -use highest two Jata points for energies above table

GOTO 212
2 11 ROENT(; z MUORHC(J) * EKEY * 244.3365 /1003.

RETURN

212 CONTINUE
ROENTS LOGINT(EKEY,E(J-1),E(J),MUORHO(J-1),MUORHIO(JH
1 EKEV *244.37,65 /1000.
RETURN
EN D

C
FUNCTION BUF(EKEV,,1UR)
REAL E(25), A1(25), A2(25), ALPHAI(25), ALPHA 125), ALPHA3(215)
REAL IIUR, LOGINT, SEMINT
COMMON /OLDJ/ EOLD, JOLD
DATAE/5,2.,0 4,,.,6.8. 10,1. 2.,00
1 422 ~2 60 30 10.,52 20,,00 40,,00
2 0,0.,20,50.
DATA AI/1.259E1,4.968,1.039E1,1.183ýE2,5. 106E2,
1 1.641E3,1.477E3, 1.503E3,1.242E3,1.206E3,
2 1.251E3,1, 182E3,1.232E3,4.316E3,1. 102E3,
3 1. 123E3,2.941E2,4. 159E2,1. 162E2,1.92ý3E1,
4 1.251E1, 1.047L.1,1.811E1,8.889,6.661/
DATA A2/-3.984E-1,-6.395E-1,-6.924E-1,-1.462E2,-6. 189E2,
I -2.712E3,-2.543E3,-2.736E3,-2.317E3,-2. 149E3,
2 -1 .756E3,-2.019E3,-1.664E3,-4.58SE3,-1.38SE3,
-3 -1. 174E3,-2. 179E2 1-2.667E2,-6.740E1,-1.417E1,
4 -6.871 ,-3. 919,-3.046,-2.360,-1.496/
DATA ALPHAI/-2.509E-2,-1.58BE-3,-3. 174E-2,-2.852E-2,-4.231E-2,

I -4.888E-2,-7.303E-2,-8. 190E-2,-8.536E-2,-7.780E-2,
3 2 -5.541E-2,-3.850E-2,-2.d43E-2,-1.751E-2,-1. 141E-2,

3 -1. 031E-2,-4.964E-2,-3.784E-2,-2.395E-2,-2.575E-2,

3
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4 -4. 129E-2,-5.176E-2,-4.734E-2,-4.839E-2,-5.032E-2/
DATA ALPHA2/3.955E-1 ,5.505E-1,9. 33E-1,b. b3E-3,-1.852E-2,

I -2.589E-2,-4. 10E-2,-4.753E-2,-5.025E-2,-4.773E-2,
2 -3.475E-2,-1.679E-2 -I.351E-2,-1.406E-2,-2. 141E-3,
3 -5.925E-3,-3.98SE-2,-2.974E-2,-7.309E-3,2.054E-2,
4 5. 33JE-2, 7. 394E-2, 9. 321E-2,9. 146E-2, 1. 018E- 1/

DATA ALPHA3/-2.659E-2,3.524E-2,6. 84E-2,6. 739E-2,6. 537E-2,
1 6.546E-3,1.45SE-3,-6.323E-3,-9.997E-3,-9.998E-3,
2 ! .52E-2, 1.292E-2,2. 686E-2,3.681E-2,4.240E-2,
3 7. 813E-2,-6. 392E-2,-4. 662E-2,-3.262E-2, -4. 182E-2,
4 -5.231E-2,-6.205E-2,-5.452E-2,-5.524E-2,-5.774E-2/

C***** BUILD UP FACTOR DATA FROM NUC SCI & END 78 PG74 1981
BF(A,B,C,D,E,UR)= A*EXP(-C*UR)+B*EXP(-D*UR) ( I-A-B)*EXP(-E*UR)

C ---- USE LOS-LOG INTERPOLATION
LOGINT(X,XI,X2,YI,Y2) = EXP( (ALOG(Y2)-ALOG(YI))*

1 (ALOG(X)-ALOG(XI))/(ALOG(X2)-ALOG(X1)) + ALOG(YI))
SEMIINT(X,XI,X2,YIY2) z EXP( (ALOG(Y2)-ALOG(Yi))*

I (X-XI)/(X2-XI) + ALOG(YI')
C***** DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

IF(EKEV.EQ.EOLD)THEN
J = JOLD
SOTO 212
ENDIF
EOLD c EKEV

C

J=2
C ------- use lowest two data points for energies below table

IF(EKEV.LT.E(1)) GO TO 212
200 IF(EKEV - E(J)) 212,211,210
210 J x J + I

IF(J.LT.25) GOTO 200
C -- ----- use higheit two data points for energies above table

GOTO 212
211 IF(MUR.GT.40.) GOTO 213

BUF z SF(AI(J),A2(J),ALPHAI(J),ALPHA2(J),ALPHA3(J),MUR)
C WRITE(1 ,900)EKEV,BUF,J,AI ) ,A2(J) ,ALPHAI (J) ,ALPHA2(J) ,ALPHA3(J)

JOLD = J
RETURN

212 CONTINUE
IF(MUR.GT.40.) GOTO 213
X2= BF(AI(J),A2(J),ALPHAI(J),ALPHA2(J) ,ALPHA3(J) ,MUR)
XI=BF(AI(J-1),A2(J-1),ALPHAI(J-1),ALPHA2(J-1),ALPHA3(J-1),MUR)
BUF a LOGINT(EKEV,E(J-I),EtJ),XI,X2)
JOLD a J
RETURN

213 CONTINUE
C ----- IF MFPS ARE OT 40 INTERPRET FROM END OF RANGE

X2x BF(A1(),A2(J),ALPHA1(J),ALPHA2(J),ALPHA3(J),40.)
X1=BF(A1(Q-I),A2(J-I),ALPHAI(J-I),ALPHA2(J-1),ALPHA3(J-1),40.)
BUF2 a LOGINT(EKEV,E(J-I),E(J),XI,X2)
X2x BF(AI(J),A2(J),ALPHAI(J),ALPHA2(J),ALPHA3(J),35.)
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X 1=9F(A(IJ- I)A2 (J- I) ALPHA I(-'. ALPHA2 (J-I), ALPHA3(J- 1), 35.
BUF I LOOGINT (EKE', E(u- I), ,E () , XI, X2)

BF SEM1INT(MUR,35.,40.,BUFl,BUF2)
10,LD J
R E TURN

F U NC TION B C 0N C (E K5V, R MF P
C- ----THIS FUNCT IONJ CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
C ----- CONCRETE LIKE MATERIALS FROM THE NES SOLUTION USING 12 PARAMETERb
C---BY EISENHAUER AND SIMMONi PE.F NL'C SCI AND ENG 5,26S-270,1?7'j
C

C---R IS IN MF-PS

R EA 1 E ( 2 5 n D25 U C '2 3 .SN T, M UC 0N C

RR'-.)L A2( 2 5) ,1 (25 A3>2 "2 ~33(25 A 4 ( 2 5

REAL*3 BFC
CCAMOCN /OLDJ2/ ECL:2, J7OL02
DATA E/13. 120. .32.,40. 50. 6. 30. ,100. ,150.,203. 300.,

1 4 3 . ,5-00 . , 6 2, ,8 23. , 1330. ,15 00. , 2030. , 30 00, ,400 3. , 5000.
2 A,2 0, . , 8 0 0. , 100 20. , 1 200. /
DATA MUC/8.301 , ,3.445, 1. 113, 0. 5588, .3608,7. 2734, 0. 2004, 0. 1704,
1 0. 1399,0. 1250,0. 1073,0.095a,0.0873,0.0807.C.07O9,
2 0. 0637,3. 0519,0 3443,3. 0365,0.3319,0.0290,0.02ý70,0.0245,
Z .,1231,0.3215/

DATA 00/3. 1552a9 , 0. 1437,0. 1327,0. 1200,3. 1129,
1 0. 1118,0. 12 155, 0, 1376,0. 1791,0.2149,0, 2690,
2 3,3233,0. 3409,3.3674,0. 4085,0.4404,0.4961,
3 0.200?,.9S~ 6i59,0,6241 ,0.6425,0.6560,0.6676/
DATA AO/i. I 135E-2,2.4283E-2,2,36641,3. 11734,3. 15910,
1 0. 13644,0. 22 372 , 0.24651, 0. 27760 ,2. 298200,3.3 1937 ,
2. 3. 3 2 7:9, 3. 33559,0.33965,0.34413,0.34679,0.35110,
3 0.3 Z4 4 5, 0. 35691 ,0.35425,0.3j473e,0.3378B,0. 31686,
4 0.29369,0.24038/
DAT.A A1/-3. 001 1583,-a.3024618,-0.3063622,-0. 0092903,
1 -0. 015316,+0. 025044,-0. 010144,0.040674,0.021783,
2 0. 024993,0.01I2225,0.0095543,0. 0044976,0. 0073127,
3 0.0091422,0.0098993,0.010016,0.0099221,0.0078632,
4 0.010371 ,0.040628,0.030309,-0.013397,-0.016610,-0.0029309/
DATA A2/5.483E-04,1..2409E-03,3.9089E-03,9,6343.ý:-03,

2 4.8446E-02,
3 5. 5001E-02,5,.0474E-02,2. 2018E-02,2. 7012E-02,2.2817E-02,
4 2.0876E-02,1,9785E-02,1.92a6E-02,2.1801E-02,3.9089E-02,
5-9. 3940E-03,-8. 8533E-03,2.8838E-02,2. 7261E-02,-1 .9101E-02/
DATA A3i/2. 1503E-04,5.0984E-04,1.7224E-03,4.0329gE-03,I
1 7.5754E-03,1.3153E-03,3.0337E-02,2.6207E-02,3. 19:SE-02,
2 8.2357E-02,1.0486E-0i,1.1029E-01,3.4039E-02,3.1744E-02,
3 4. 4123E-02,5.0435E-02,5.2275E-02,4.9103E-02,3.900t6E-02,
4 2.923!E-02,2.8389SE-02,2.509!E-02,1.8330E-02,-1.4079E-02,



5 2.2817E-02/
DATA A4/4.2382E-05,1. 829E-04,3.9925E-04,1.0308E-03,
1 2. 2527E-23,0. 0000000 ,1. 2457E-02,3. 1514E-06,5. 0241E-02,
2 -1.46JSE-04,-8.6411E-04,-6.3551E-38,1.053?E- 1 ,9.4382E-02,
3 7. 3329E-02,5. 949SE-02,4.0714E-02,3.2172E-02,2. 2187E-02,
4 2. 0373E-3,6.734aE-35,3.5731E-03,1.5436E-03,3.6397E-07,
5 9.8532E-13/

DATA B0/0.57471,0.56384,0.54853,0.53350, 0.53787,
1 0.54758,0.57172,0.60362,0.65913,0.69464,0. 7391•,
2 0.76455,0.78166,0.79363,0.83851,0.81671,0.82277,
3 0.81861,0.80467,0.79201,0.78176,0.77269,0.75988,
4 0.75116,0.73974/

DATA 92/0, 72706,0.71518,0.69814,0.68724,0.68395,
1 0. 90637 ,0.69 136 ,0. 86298, 0. 77287 ,0. 84634, 0. S2993 ,
2 0. 32999,3.76467,0.79645, 0.8369, 0.8 482,0.79932,
3 0.79546,0.81703,0.85749 ,0.72980,0.63341,0.85214,
4 0.86119,0.55119/

DATA B3 /0. 42393,0. 41368,0.39364,0.3610, 0. 28648,
1 .70718, 0.8 0330,0.69185,0.68532,0.71979,0.68807,
2 0. 65925,0.56762,0. 53949,0. 57175,0.55269,0. 52363,
3 . 50858,. 46877,0.30734,0.83930,0.83961,0. 57962,
4 0.56135,1.85134/

DATA 93/.'. 87317,0.86506,0.85649,0.85396,0. 85703,
I I.20436,0.85532,0.98931,0.87818,1.01431, I.0.389,
2 1. 0062 , 0.87305, 0.90888,0.91929,3.91859,0.91265,
3 0.90861,0.91102,,.96145,0.96388,0.94894,0.95976,
4 0.97377,0.86292/

DATA 94/0. 96440,0.96154,0.95995,0.96110,0.96562,
1 1.000•0,0.98034,1.17560,1.00645,1.09682,1.07209,
2 1.3417 ,I. 00139,0.99831,0.99455,0.99168,0.98767,
3 0.99542,0.98406,I.01558,1. !0090,1.00529,1. 0110,
4 1.22902,3.97741/
BFC(R,U,A0,AI,A2,A3,A4,B0,B1,9 2,B3,B4,DO) a I +

I AO*U*R*DEXP(-DBLE(J*R/BZ) )+AI*(U*R/81)**2*DEXP(-DBLEiU*R/BI)
2 A2 # (U*R/B2)**2 * DEXP(-DSLE(U*R/2)) +
3 A3 * (U*R/83)**2 * DEXP(-DBLE(U*R/83))
4 A4*(U*R/94)**2#DEXP(-DBLE(U#R/B4))/(DO*DEXP(-DBLE(U*R))

C ---- USE LOG-LOG INTERPOLATION
LOGINT(X,XI,X2,YI,Y2) 2 EXP((ALOG(Y2)-ALOG(YI))*

I (ALOG(X)-ALOG(X1 ))/(ALOG(X2)-ALOG(XI) + ALOG(Y1)
R a RMFP / MUCONC(EKEV)

C WRITE(*,1000) 'BCONC 2',EKEV
0****** DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

IF(EKEV.EQ.EOLD2)THEN
3 - JOLD2
GOTO 212
ENDIF
EOLD2 x EKEV

C
J-2

C ------- use !owv~t two data points for energies below table
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IF -VY.LT.E(1)) GO TO 212
233 IFi - E(J)) 212,211,213

210 J - 1
IF(i.LT.25) GOTO 22.0

C ------- ul i high, st two data points for energies above table
SOTO 212

211 3.01 C 3," (R ,IUC ( V1 (J) At(3) ,1 ,A2J ,3 J A ,4 J( 3 J ,91 )
I 92(j) ,B3(J) ,94(J) ,Do(J)

UýCODNC R * ",UL(J)
JOLD2 J
RETURN

212 CONTINUE

I 3(J) .34(J) ,DO(W
K J - I

1 33(K) ,94(K) ,DO(K))

BCONC = LO3INT(EKEV,E(J- ) ,E(J) ,XI,X2)
URCSNC R * LD:iNT(EKEY,E(J-),EMUC(J-1,MUCUH
JOLD2 a J
RETUR N

PE4L FUNCTION MUCONC(EKEV)
C ----- this fucntion calculates mu over rho for concrete in cm2/gr

REAL E(25), MJCRHQ(25), LOGIT

C-.. na s attenuation data from Nuc Soi & F.ng '6 pr 267, 1975
C

1DATA ,/52. ,6�0. ,BO0. ,4100. ,5 ,60. ,20., 00. ,1301. ,4O00. ,5000.,

2 63'0. ,0010. , 1001.,0., 13.. ,,.
DATA iUORHO/3.0103,3,445 ,1. 1190,0.5539,0.3963 ,0.27"4,0..2004,

I 0. 1704,0]. 139,0. 1250,0. 073,0.09G3,Z.03T3,0..0E0T,0.0709,
2 0. 0637,0 .019, 0. 440, 0. 365, O. 319,0. 0290,0. 0270,0. 0•245,

C-....USE LOJ-L23 ITE.RPOLATUON
LDrGINT(X,XI ,X2,Y1,Y2) ,, EXP((ALCG(Y2)-ALCOi(Y))e
1 )ALC3)X)-ALOC3(X1) )/(ALO3(X2)-A~LOO)X1)) + ALO•iY1))

C
C

J=2
C ------- use lowest two data points for energies below table

IF(EKEV.LT.E(1)) GO TO 212
200 IF(EKEV - E(J)) 212,211,210
210 J a J + 1

IF(J.LT.26) GOTO 200
C -------use highest two data pointi for energies above table

GOTO 212
21! MUCONC s MUCRHO(J)

RETURN



212 CONTINUE
MUCONC x LOSINT(EKEV, E(J-I) ,E(J) :MUOPHO(J-1 ) ,MUORHO(J)
RETURN
END



APPENDIX 13

"FALLOUT PROGRAM DESCRIPTION AND LISTING

Th2 Fallout prsgram calculatas the DRFs for a fallout

•iourcj whan th3 dat2ctor is c~ntarad inside a structuri.

The prcgram mndal is discussed in Section 2.7. Required

input includes the equivalent hoight and radius of the
I

ztructur3, the mass thickness of thG? roof and walls and the

throe ground roughness factors w, d/w and

When the Fallout program is run, it will ask for input

data as shown in Figure 27. The first input required is a

titla and date for th2 output listing. The program then

asks for th3 equivalent radius and height of the structure,

followed by the mass thicknesses of the wall and roof. The

program then prompts the user with a few suggested values

for the three ground roughness factors (see Section 2.6.2).

-* Other values for the ground roughness factors may be used.

The program then calculates the resultant DRF's for the

1-Hr. bomb fallout spectra, the PWR-2 (RSS) fallout spectra,

the TMI fallout spectra and the SL-1 fallout spectra

followed by the DRFs for energies from 15 KeV to 15 MeV. A

typical output listing in shown in Table 14.

133
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I

0 f a II o u t
INPUT TITLE/DATE OF OUTPUT
Small Wood House. 16 Sept 1994
INPUT EgUIVALENT RADIUS OF STRUCTURE IN METERS 5.
INPUT E2UIVALENT HEIBHT OF STRUCTURE IN METERS 5.
WALL MASS THICKNESS IN qr/cawe* 1.
ROOF MASS THICKNESS IN gr/cmwe2 10.
1Three ground 4actors oust be input
W - Ths charActoristic trough width
/WN - The ratio of fiat lurface to trough

and PSI - The charactoristic trough angle.

The following are suggested valuets
SURFACE N D/t

"Smooth plane 0. 1.

Paved Are& 0.3qd! 1.

Lawn 2.3699 S.9!9
ErvYelled Arta 7.467S :.e97
Plowed Field 25.8287 5,S39

PSI * 45. degrees

INPUT PSI fdegrves) 45.

I INPUT W 2.3698

I INPUT D/N .959

F. IG RE 27

K° ,a1~grn

I
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Th• program also calculat2s the unprotected axposur2 in

R pijr Curi2 of fallout par square meter. Tha exposures from

th2 roof zource and ground source arm calculated and 5ummed

to give tha total axposure. The fraction of the total

axposure from the roof source is given as the roof

contribution (ROOF CONT.). This is followed by the DRFs and

the ratio of the DRFs to the DRF for the 1-Hr. bomb fallout

.;splctra. The last column oF data is the exposure one would

receive from an interior fallout source of I Curie per

square meter. The program assumes one gamma per

disintegration for the 1 Hr. bomb fallout, the PWR-2 fallout

(RSS-Fallout) and the individual gamma energy calculations,.

The program is written in Microsoft FORTRAN 3.13. This

is a version of FORTRAN 77. There are no non-standard

FORTRAN commands in the program. The program was run on a

.Txvs Instrumfnts Prof+ssional Com2uter (PC) which uses an

288 processor and an 90Z co-processor. The program was

run under the MS-DOS 2.11 operating system. Howevei-, it

should run on any computer capable of using FORTIAN 77. The

program takes approximately 45 minutes running time.

Caution, the program is written is FORTRAN, the input

reguires decimal points. The program may not converge to an

answer for low energies (15 and 20 KeV) for wall thickness

greater than about 20 gr/cmI. This is because the exposures

are less than 6.43E-37, which is the limit of the single

!.4
"I-
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precision data type used for real variables.

The MAIN program directs the input and output of the

program data. Subroutine SIMPS carrias out the integrations

by using Simpson's rule. The number of increments is

L. automatically increased until the desired accuracy is

obtained. Subroutine PROTECT speeds the integration of the

il disk source by dividing the disk into rings which converge

to integrals faster. Function DISKIN finds the kernel for

the hypothetical infinite smooth disk source. Function

GROUND calculates the kernel for the fallout using the

methods developed in Section 2.7. Function DISKRF

L calculated the kernel for the roof source.

% n,:tion AMU finds the mass attenuation coefficient for

I air. Function BUF finds the buildup factor for air.

Function MUCONC finds the mass attenuation coefficient for

the ground, roof and walls. Function BCONC finds the

buildup factor for the ground, roof and the walls. Function

ROENTG finds the factor for converting flux to exposure.

The listing of the Fallout program follows.
I

S..

I'

I

I
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PROGRAM HOUSE
CHARACTER CTITLE'*91
INTEGER IN, OUT
REAL E(23), MFP1, LINiINT, INSIDE
REAL EGROUP(23,4), FRACT(23,4)
EXTERNAL LISKIN, GROUND, DISKRF

-CCw,`MON /ENERGY/ EKZVW, PSI, DOVERW
jC011IMON /SIZE/ RTHICK,WTHICK,8HGHT,BRAD

COlMMON /INOUT! IN, OUT
COMMON /DLDJ/ ELDL, JOLD
COMMON /OLDJ2/ EOLD2,JOLD2

CA^^^^^ NOTE RADII ARE IN METERS, ENERGIES IN KeV, DENSITIES IN gr/cm*2

DATA E/15. 23. ,33. 43. ,53. 60, ,83. , 130, ,153, ,203. (00.,

DATA EL3ROUP/2. 7.,1. 2.,30,5,,0.

4 81.,254.,364.,637,,662.,723.,14*0./
DATA FRACT /.0271,.013d7,.073ý7,.0476,.092ý9,. 1373,. 1717,.1627,

4 .0245, .0509,.7736, .0,642, .0401, .0151,14*0. /
C******* LINEAR INTERPOLATION FUNCTION

CAA ^^^^AAAAA******* ,AAAA**A*AAAAAA*.*^AAAA^^AAAAA^^,

CAAT7EMPT TO CONTROL EPSON FX-90 PRINTER FROM FORTRAN TO COMPRESS PRINT
OPEN (1,FILE='LPTI',STATUSz'NiEW',ACCESS:'DIRECT'

1 F,FRM='UNFORMATTED',RECL~l)
WRITE (1)27,15
CLOSE (1)
OPEN(1,FILE='LPTl ')

PI z 3.141592654
OUT *I
EOLD 0.0
EOLD2 0. 0
IN a0
NSPEC *0

C%%%%% Routines for inputing and printing given data.

WRITE (*, 290)
290 FORMAT(1X, 'INPUT TITLE/nATE OF OUTPUT')

READ (*, 291) CTITLE
WRITE (OUT, 807)
WRITE (OUT ,292) OTITLE
WRITE (OUT, 808)
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WRITE(OUT,804)
A330 WRITE(*,3al)

331 FORMAT(IX, 'INPUT EQUIVALENT RADIUS OF STRUCTURE IN METERS ',\)

322 READ (*,323) BRAD
323 FORMAT(FI3.6)

WRITE(*,311)

311 FORMAT(IX, 'INPUT EQUIVALENT HEISHT OF STRUCTURE IN METERS ,\)
READ (*,303) BHGHT
WRITE(*,321)

321 FORMAT(IX,'WALL MASS THICKNESS IN gr/cm**2
READ (*,303) WTHICK
WRITE(*,331)

331 FORMAT(IX, 'ROOF MASS THICKNESS IN gr/cm4**2
READ (*.303) RTHICK

Ca4*aem#**.ee*****,e*.4*..,.,,4..m...,.,...m.,*4.4.*.*s..,***********

WRITE(*,600)
WRITE(*,610)
READ(*,303) PSID
PSI 2 PSID/Iao.*PI
WRITE(*,611)

READ(*,303) W
WRITE(*,612)
READ(*,303) DOVERW

600 FORMAT(IX, 'Three ground factors must be input',/,
1 W - The charactoristic trough width ,/,
2 D/W - The ratio of flat surface to trough',/,
3 and PSI - The charactoristic trounh angle. ',/,/,
4 The following are suggested values:',/,
5 SURFACE W D/W
6 smooth plane 0.
7 Paved Area 0.3941
8 Lawn 2.3698 0.959',/,
9 Gravelled Area 7.4678 0.897',,
A Plowed Field 25.8207 0.339',/,/,
B PSI a 45. degrees',/,/)

610 FORMAT(IX,'INPUT PSI (degrees) ',\)

611 F0RMAT(IX,'INPUT W ',\)
612 FORMAT(IX,'INPUT D/W ',\)

WRITE(OUT,304)BRAD
WRITE(OUT,314)BHGHT
WRITE(OUT, 324)WTHICK
WRITE(OUT ,334)RTHICK
WRITE(OUT ,621)
WRITE(OUT,622) PSID
WRITE(OUT,623) W
WRITE(OUT,624) DOVERW
WRITE(OUT ,03)

C**#***#**t**INPUT TITLE FOR LISTING4tt4*t***tt********t******t
0 807 FORMAT(IHO,25X,'HOUSE WITH SEMI-INFINITE DISK SOURCE IN AIR',

I ' WITH GROUND FACTORS. 24 JULY 1984')

4
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032 FOR AT(1X,25',F7.1,5X,7(09.4,2X),4X,09,4)
323 F1ý,T(1H, , ' , ,

I UNPROTECTED 3X, 'R F ',6 X,
2 R C' NOD ', ,3X, 'T0T L EXP , P ' 2X, 'ROOF CONT.',3X, 'DRF' ,3X,
3 'RATI TO 1.12 Hr.',2X,INSIDE')

203 FO MAT I H0,25;, 'Integration to 12 MFPs in air.')
3, 2 4 FCR1AT(1 X , 2 X , 'Equivalent radius of structure

I F9.3, me ters')
314 FORMAT IX ,25X, 'Equivalent height of structure =

1 F9.3,' meters')
324 FORMAT(IX ,25X,'WaI ma5s thickness =

I F9.3,3 g r/c 2')
334 FORA IT(IX ,25X,'Roof mass thi cnmss =

I F3, g ' / m2
834 FORMA T IX,25 , 'Detectcr is I meter above smooth plane')
621 FORMAT IX,25X, 'The Sround Factors are:')
622 FORMAT IX ,30X ,'The trough angle PSI = ',F12.4,' degrees')
623 FORMAT IX,30X, 'The charactorist' c trough width W ' ,F12.4)
624 F R,1AAT IX ,3 0X ,'The ratio of flit to trough D/W = ,F12.4)
505 FORMAT IX,25X, '1,12 Hr. ',1X,7(G9,4,2X),4X,G9.4)
513 FORMAT IX ,25X, 'RSS-Fa Iout' IX ,7(G9.4,2X),4X,G9.4)
506 FORMAT IX,25X, 'TMI-Fallout',IX,7(G?,4,2X),4X,G9.4)
507 FORMAT(IX,25X, 'SLI-Fallout',1X,7(G9.4,2X),4X,G9.4)
29! FORMAT (A91)
292 FORMAT(1H0,25X,A91)

C** ****0 *********4**4**4**4***9*4***E*******

C21192 ROUTINE TO FIND DRFS FOR SPECTRA
DO 522 NSPEC 1,4,+1
SUMSK * 0.
3 U .1E s0.
SUMUK 0.
SUMUE = 0.
SUMRK 2 0.
SUM RE 0.
TEXIN 2.

DO 521 IEKEV 1,23

EKEV a E3ROUP(IEKEV,NSPEC)
FRCT = FRACT(IEKEV,NSPEC)
IF(FRCT.E0.0) GOTO 501
WRITE(*,806) EKEV

C ----- LET YOU KNOW PROGRAM IS RUNNING
EXPOSE a ROENTG(EKEV)
CALL PROTECT(O.,DISKIN,UNPKRN)
CALL PROTECTrBRAD,GROUND,PKRN)
CALL S1MPS(0. ,BRAD, I.E-5,PROOF,DISKRF)
CALL SIMPS(3 ,BRAD,1.E-5,INSIDE,DISKIN)
TEXIN = TEXIN + INSIDE * EXPOSE * FRCT
SUMUK a SUMUK + UNPKRN * FRCT

SUMUE w SUMUE + UNPKRN * EXPOSE *FRCT
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SUMGK a SUMGK + PKRN *FRCT
SUMOE a SUIGE + PKRN *EXPOSE *FRCT
SU!IRK a SUMRK +PROOF FRCT
SUMRE z SUMRE +PROOF *EXPOSE * FRCT

501 CONTINUE
TOTKRN a SUM3K + SLJMRK
TOTEXP a SUMGE + SUMRE
DRF x TOTEXP/SUMUE
IF(NSPEC.EQ.l) DRFBM3 DRF
RATIO 2 DRF/DRFBMB
RCONT a SUMRE/TOTEXP
IF (NSPEC. EQ.1) WRITE (OUT, 585)SUMUE, SUMRE, SUMGE, TOTE XP,
1 RCONT,DRF,RATIO,TEXISI
IF CNSPEC. EQ. 2) W4RITE (OUT, 510) SUMUE,SUMRE, SUMGE, TOTEXP,
I RCONT,DRF,RATIO,TEXIN
IF ( NSPEC. EQ. 3) WRITE ( OUT, 506) SUMUE, SUMRE, SUMOE , TOTE XP,
1 RCONT,DRF,RATIO,TEXIN
IF ( NSPEC. EQ. 4) WRITE (OUT, 507) SUM¶UE, SUMRE, SUMGE , TOTE XP,
I RCONT.DRF,RATIO,TEXIN

4 5120 CONTINUE

C%%%%% ROUTINE FOR GENERATING ENERGY/DPF TABLE

DO 801 IEKEV a 28,1,-l
EKEV = E(IEKEV)

J WRAITE(*,806) EKEY
806 FORMAT(1X,'E(KaV) 'GO5\
C----LET YOU KNOW PROGRAM IS RUNNING

EXPOSE 2 ROENTG(EKEV)
CALL PROTECTý0,,DISKIN,UNPKR)
CALL PROTECT(BRAO,GROUNO,PRK)
CALL SIMPS(0.,BRAD,1.E-5,PROOF,DISKRF)
CALL SIMPS(Z. ,BRAD, I.E-5, INSIDE,IISKIN)
EXIN = INSIDE *EXPOSE
EXPUNP a UNPKR *EXPOSE
EXPPRz PRK 0 EXPOSE
EXPRF a PROOF * EXPOSE
TOTEXP x EXPPR +EXPRF

IF(TOTEXP.LT.I.E-30) THEN
RCONT a .8888888E33

ELSE
RCONT a EXPRF/TOTEXP

END IF
* IF(EXPUNP.LT.1.E-30) THEN

DRF - .088888BE33
ELSE

DRF 2 TOTEXP/EXPUNP
END IF

RATIO z DRF/DRFBtIB
WRITE (OUT, 802) EKEV,EXPUNP,EXPRF EXPPR, TOTEXP, RCONT DRF,RATIO, EX IN

8e1 CONTINUE

3
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233 CONTINUE

STOP

3 J RT N HP ?C T E TR ISK , TO0T3,N)
R7AL TCLER(13) ,DM'-P 12), K ER N, M FP

C EXToRNAL DISK,3RCN D•OI SKIN
C*MCON/EN ERGY/EK KEV, W PSI,DOVERW
COMMON /SIZE/ RTHICK,WTHICK,BHGHT,BRAD
DATA TOLER/I.E-4,1.E-4 , 1.E-4,1.E-4,1.E-4,1.Z-4,
1 1. E-4,1. E-4,1. E-3, I.E-2/

- r- ---- RHO z DENSITY OF AIR AT STP 3.031293 gm/cm**3
RH] 2 O. 3 3,2 3

A"JZK EY = AU (EKE V
z I AMUEKEV * RHO *, 1 .

>--- - DISTANCES ARE IN METERS, MU IN INVERSE CENTIMETERS, XJ :o IN MFP3
TOTKRN = .

DO 3 5 = 1,
XJ = D0'FP(J)
TOL x TOLER(J)

C***** IF RI IS GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
XJM1 z RI * MFP
IF(XJ.LE.XJMi) s0TO @05
N NI 1 + I

02 XJ/MFP
IF(NI.EQ.I) THEN

XXJMI * XJM1
S~ELSE

XJM1 DMFP(J- )
END IF

DI XJMI/MFP
CALL SIMPS(D1,D2,TOL,KERN,DISK)

S = XDOSE * KERN
TOTKRN * TOTKRN + KERN

905 CONTINUE
RETURN
END

C
FUNCTION 3ROUND(R)

C******** POINT KERNAL FOR A DISK SOURCE
C# *** #* This function calculates the kernal for a cylindrical wall
C******** with a groud roughness shielding factor

REAL HYP, MUCONC, MFPGRN, MUC,INDIR
REAL MFPWAL,ICOS, MUAIR,MFPT,MFPAIR,MFPBU
COMMON /ENERGY/ EKEV,W, PSI, DOVERW
COMMON /SIZE/ RTHICK,WTHICK,BHGHT,BRAD

C--...STANDARD REFERENCE POINT FOR A DOSE IS I METER FHOM GROUND
PI " 3.141592654
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HEIGHT a 1.
HYP x SORT(HEIG.1T*.2.+ R#R)
ICOS x HYP/R
MUAIR a AMU(!7KEV) * 3.331?93 # 133.
MjFPAIR z MUAIR * ICOS * (R-2RAD-,2)

C ---- ssu.ie, wall is .2 m~tsrs thick
RHODRT a 1.3

C~*EE* SPEC. GRAy. OF DIRT 1S APPROX 1.3 SOURCE: MECH. ENS. HANDBOOK
MUC a MUCONC(EKEV)
MFPWAL aICOS * MUC * WTHICK
MFPBU aMUAIR *BRAD
MFPT MFPAIR + MrPWAL + MFPBU
IF(MFPT.GT.12.) THEN

OROUND z0
RETURN

E NDI F
C+++++ Find BETA from R and Height

IF(R.GT.O.) THEN
BETA z ATAN(HEIGHT/R)

ELSE
BETA a P1/2.

END IF
C

TAYE a 0
A mW
DIRECT *1.

INDIR 0.
IF(W.LE.O.) GOTO 20

C .. .. if BETA is greater than Psi, there is of rough ground effect
IF(BETA.GT.PSI) GOTO 20

C ..... find A from W, PSI and BETA
C...A is that part of the trough that is not in shaddow

A a W # SINIRETA) * COS(PSI)/SIN(BETA + PSI)
C .... *Find the average thickness of eirth ina~rect part passes throu

TAVE s W/4. * SIN(PSI)/(COS(PSI)*SIN(9ETA))
120 CONTINUE

O = DOVERW *W
DIRECT a (A + D)/W + D)
INDIR a (W -A)/ (W + D)
MFPGRN a MUC * RHODRT * TAVE
IF(MFPGRN.GE.12.) THEN

TERAIN z 0.
GOTO 20

END IF
C ------- Find Build-Up-Factor for fraction that encounters the ground

BUFi x BCONC(EKEV,MFPGRN)
BUF2 a BUF(EKEVIMFPAIR + MFPGRN)
BUF3 a BUF(EKEV,MFPGRN)
BUF4 z BCONC(EKEV,MFPGRN+MFPAIR+MFPWAL)
BUF5 x BCONC(EKEV,MFPGRN + MFPAIR)
BUF6 z BUF(EKEV,MFPGRN+MFPT)
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BUF7 = DUFEKEV,MFPGRN+MFPAIR+M1FPv4AL)
3UTI x UF1 * BUr2/3UF3 # BUF4/SUF5 B UF6/SUF7
TERAIN z INDIR * EXP(-(MFPrRN+MFPT)) * BUTI

C ------- Find 3uild-Jp F.~ctor for iracticn that misacd the nround
31-1Fi I 2UFEKEY,MFPA!R)

OUF3 = CONC (EKEY ,MFPAIR)
3UF4 z B UF ( IF?4I I WAL+MFP3U
BUF5 BUF(EKEV,1MFPAIRMFPWAL.)
BUT2 =SUFI * 8UFE2/BUtF1 * SUF4/BULES
DISKI= DIRECT B U12 * EXP(-MFPT)
3 R 0UND0 .5 *R/HYP**2. *(DISKI + TERAIN)

C
FUNCT ION D, 1SKRF ýR)

C*'***.*** POINT KERNAL FOR A DISK SOURCE
C**** This function C3lculatas kerna! for roof

REAL HYP,ISIN,MUCONC,M1FP
.ýO w0ýN / ENERSY / EKEY1), W ,PS I, nOYE-RW4
COMMhON /SI ZE/ RTHICK,1WTHICK , HGHT , BRAD
IF(BHSHT..LT.11) THEN

PAUSE 'PROGRAM ABORT -- BUILDING TOO SHORT'
ENDI F
A =BHOGHT -1. + .2

CO-----STANDARD REFERENCE POI1!T FOIR A DOSE 1S 1 METER FROM GROUND
HYP =SCRT(A*. + R*R)
ISIN HYP/A
AIRMFP =AMU(EKEV) * HYP * .3011293 * 10.
COliMFP =MUCONOCEKEY) * RTHICK * ISIN
ME? = IRMFP + CONPIFP
IFG1FP.3T.@3.) THEN

DISKRF =3.
R E T URN

E N D I F
3U a2 CCNC(EKEV,CONMFP)*BUFCEKEV,MFP) /BUF(EKEV,CONMFP)
DISKRF x .5 * BU * R/HYP**2. * EXP(-M1FP)
R ET UR.N
EN 0

C -
FUNCTION DISKIN(R)

C***# POINT KERNAL FOR A DISK SOURCE
Ce.*****e# This function calculates kernal for infinite smooth plane

REAL MFP, HYP
COMMON /ENERGY/ EKEY, W, PSI, DOVERW

C----STANDARD REFEREN~CE POINT FOR A DOSE IS METER FROM GROUND
HYP zSQRT(l. + R*R)
ME? n AMU(EKEV) * .001293 *100. * HYP
BU zBUF(EKEV, ME?)
SA a 1.
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DISKIN = .5 * BU*SA*EXP(-MFP)*R/HYP**2.
RETURN
END

C-
SUBROUTINE SI1MPS(LOWER,UPPER, TOL, SUM, F)

C NUMERICAL INTEORATION BY SIMPSON S RULE.
C

INTE3ER !N, OUT, PIECES, I, P2
REAL X, DELTA, LOWER, UPPER, SUM, TOL
REAL ENDSUM, ODDSUM, SUMI, EVSUM
COMMON /INOUT/ IN, OUT
PIECES - 2
DELTA = (UPPER - LOWER) / PIECES
ODOSUM a F(LOWER + DELTA'
EVSUM = 3.3
ENDSUM a F(LOWER) + F(UPPER)
SUM = (ENDSUM - 4 * ODDSUM) * DELTA / 3.0

5 PIECES = PIECES * 2
P2 = PIECES / 2

SUMI SUM
DELTA = (UPPER - LOWER) I PIECES
EVSUM = EVSUM + ODDSUM
ODDSUM 2 0.0
DO 10 I z 1, P2
X = LOWER + DELTA * (2 * I 1)
ODDSUM a ODDSUM + F(X)

10 CONTINUE
SUM x (ENDSUM + 4.0 *ODDSUM + 2.0 * EVSUM) *DELTA / 3.0

C**** WRITE (*,100) LOWER,UPPER,SUM,PIECES
100 FORMAT(IX,'LOWER',G14.7,'UPPER',G14.7,' SUM',G14.7,'PIECES ,13)

IF(A6S(SUM - SUMI) .3T. ABS(TOL * SUM)) GOTO 5
RETURN
END

C
C
C-

FUNCTION AMU(EKEV)
C MASS ATTENUATION IN cm*2/gr

REAL E(26), MUORHO(26), LOGINT
C--...AIR MASS ATTENUATION DATA FROM RADIOLOGICAL HEALTH HANDBOOK
C ----- , JAN 1973, P0139
C

DATA E/10.,15.,20.,30.,40.,30.,60.,80.,100.,150.,200.,300.,
1 400.,S00.,600.,803.,1000.,1500.,2000.,3000.,4000.,5000.,

DA'A MUORHO/ 4.99,1.55,0.752,0.349,0.218,0.208,0.188,0. 167,0. 154,
1 0.136,0.123,0. 107,0.0954,0.0870,0.0805,0.0707,0.0636,
2 6.0513,0.0445,0.0358,0.0308,0.0275,0.0252,0.0223,
3 0,0204,0.)1l1/

C .. ,
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C ---- USE L03-L03 INTERPOI.ATION
LOG I 4T ((X,XI,X2,Yi,Y2) = EXP((ALOG(Y2)-ALO3(Y!))*

1 A LC3(X)-AL03 XI) /(ALOG(X2)-ALO (XI)) + AL03(YI))
C

J=2

C ....... - -- lowest two data pointm for energies belo. table
F 'E,:E .LT.E(i)) GO TO 212

210 IF(E<EV - E(J)) 212,211,213
213 3 j + I

IF(JLT.26) GOTO 2.3
C ------- use hignest t~o data points for energies aoore table

GOTO 212
211 AMU JCORHO(J)

Z112 C 2 1 T .... L

AMU = L E T EV E 7'- M U 0RU H O(J-) ,•IUm R-O()0
ET U RN

EN D
C-

FUNCT ON ROENT3(EKEV)
'Ut.I~iS III~ltSSIS7'Si~S.t,S/.......... I . i... a, . 'I,,/,. ' /. f% t~f.., .' ,,.nn. t. .... r, ,,,,I/4',

REAL E(26), MUORHO(26), LO1INT
------ Air mass absorption data irom NSRDS-NBS 29, 196? pg 22 & ?1

DATA ,5 1., ,82 .,I33.,153., ,32 .

2 6023 . 822 .,I.203, ,1 7 ./
DATA MU1RHO/ 4.61,I.23,3.511,2. 140,2.3669,,34 5,035, • ,0•245

I . 02Z4,.0250,.0263,. 0208,.0295,.0296,.0295,.,4299,.0273,
2 .0254,.02-4,,.235,.0186,.0174,,0164,,.0152,.*145,.2132/

C

L ---- USE LOD-LO3 INTERPOLATION
L 0 SINT X ,X I, X 2 , 1 , Y2) a EX P ((A L 0G(Y 2)-AL 0 ýYI))

1 ( XL 4LX)-ALO3(X)I/(ALLO2 X2)-ALO X )1 + _:)L )
C
C

j=2

C -- ----- use lowest two data points for energies below table
IF(EKEV.LT.E(1)) GO TO 212

230 Ir(EKEV - E(J)) 212,211,213
212 J J + 1

IF(J.LT.26) GOTO 233
C -- ----- use highest two data points for energies aoove table

GOTO 212
211 ROENTS = MUORHO(J) * EKEV * 244.3353 /1000.

RETURN
212 CONTINUE

ROENTO LOGINT(EKEV,E(J-1),E(J),MUORHO(J-1),MUORHO(J)) 4

I EKEV * 244.3365 /1020.
RETURN
END
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C-
FUNCTION BUF(EKEV.MUR)
,RE AL E (25) , At( 25) , A 2 ( 3), ALPH A 1(25), A LPHA 2 25), A LPH A 3 25)

;REAL MUR, L.OGINT, SEEMINT
2CZIMCN /OLDJ/ EOLD, SOLD
DATA E I . 2 . 3 . 4 . • . 6 . B . I O , 5 . 2 3 , 0 .
! O0 .,520. ,•22. ,E•.3., 122.,1500. ,220. ,3200. ,42. ,5O02.,

2 630•. ,g000. ,10223. ,t5J2./
DATA AI/1.259EI,. @ , .O E , .I E2 .1 E ,

I.z 4 1E3, 1.477E3,2.523.3, 1.245,1.2253

2 1.251E3,1. 182E3,1.232E3,4.316E3,1I.12E3,
3 1.12SE3,2.941E2,4. 1 6 E21.923E1
4 1.251EI,1.347EI,1.011E ,iB.B9S ,5.661/

-A2A A2/-3.O4E-,-2.736E3,-2. E-,-2."4159,
2 -2. 722EZ,-2 -. ,

2 -.. I74 ,2. 179E2,-2.687E2,-6.740EI,-I.417EI,
4 -6.07 ,- 3.919,-3.246,-2.360,-1.496/

DATA ALPHAI/-2.50qE-2,-I.258E-T,-3. 174E-2, -2.352E-2,-4.23 1E-2,
1 -4.3SSE-2,-7.303E-2,-9. 1 9E-2,-B.536E-2, -7.792E-2,
2 -5. 41E-2,-3.850E-2,-2.43E-2,-I .751E-2, -I 141E-2,
3 -I. 331E-2,-4. 94E-2,-3. 734E-2, -2, .395E-2 -2.575E-2,
4 -4. 129E-2,-5. I76E-2,-4.734E-2,-4,939E-2 -5.332E-2/

IATA ALPHA2/3.95-E-1 ,5. :35E- ,9.333E-1 ,6. 613E-3,-1.852E-2,
1 -2.589E-2,-4. 109E-2 -4.753E-2,-5.325E-2 ,-4.77 3E-2,
2 -3. 475E-2,-I. 672 -2, -I. -- 1. 0E2,-4 -2, -2 . 141-3,
3 -5. P25E-3,-3. 99E-2,-2. 74E-2,-7..79E-3, 2.54E-2,
4 5.030.-2,7.394-E2, S.321F-2 ,9. i46E-2, 1. 3E-1/

DATA ALPHA3/ -2.659E-2,3.124E-2,6.484E-2,6. 739E-2,6.537E-2,
I 6.546E-3,1.4SPE-3,-6.323E-3,-9.997E-3,-9.O999F-3,
2 1.529E-2, I.292E-2,2.686E-2,3.682E-2,4.240E-2,
3 7.5l3E-2,-6.3925-2,-4.662E-2,-3.262E-2,-4. 132E-2,
4 -5. 1 E- 2,-6.225E-2, -5 . 4:E-2, -5. 524E-2, -5 . 774E-2/

Co#*** BUILD UP FACTOR DATA FRDM NUC SCI & END 73 P374 1901
BF(A,3,C,D,E,UR)= A*EXP(-C*UR)+B*EXP(-D*UR)+(I-A-B) EXP(-E*UR)

C----USE L=3-LO3 INTERPOLATION
Lr'34T(X,XYI,X2,YI,Y^) = EXP((AL2G(Y2)-ALOG(Y1))o

1 ALD3(,) .LCG(XI))/(ALDG(X2)-ALC3(X1)) + AL.O3(YI))

SEMINT(X.XI,X2,Yl,Y2) EXP((ALOG(Y2)-ALCG(Yl))*
I (X-XI)I(X2-XI) + ALOS(Yl))

Ct**** DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY
IF(E<EV. E .EDLD)THEN
J = 0L)

GOTO 212
ENDIF
EOLD a ElEV

C
Jz2

C- -- ---- use lowest two data points for energies below table
IF(EKEV.LT.E(1l)) GO TO 212

230 IF(EKEV - E(J)) 212,211,213
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2103 3 + I
IF(3.LiT,21) 30TO 213

C---- use hig,2st two data points 4or energies above table
GUOTO 212

211 IF(MUR.ST.40.) GOTO 213

JOLD =3
PL URN

212 CONTINUE
IF(MUR.3T.43.) GOTCT 213

.4BUF = LC3,IJT(EKEY1 E(J-1),E(J),X1,X21)
J0OLD =-
RETJRN

21131 CONI'TITINU E
C---IF MFPS ARE ST 40 INTERPRET FROM END OF RANGE

BUF2 = LOGINT(EKEV,E(3-I),E(3),X1,X2)

BUFI LGCO1NT(EKEV',E(J-1l,E(J),X1,X1)
90U SEMINT(MUR,35.,40,,8UF1,BUF2)
JOLD =3
RETURN

END
C-

FUNCTION BCONC(EKEV,RMFP)
C----THIS FUNCTION CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
C -----CONCRETE LIKE MATERIALS FROM THE NSS SOLUT ION US1NIG 12 PARAMETERS
C---BY EISENHAUER AND SIMMONS REF NUC SCI AND ENO 56,263-270,1975
C
C -- -- --R IS IN MFPS

REAL E(23), DO(25),M1UC(25),LOGINT,MUCONC
* ~REAL Ai0(25),A1(25),A2(25),A3(25),44(25)

REAL 80(25) ,B1 (25) ,22(2.5) ,B3(25) ,84(25)
REAL*8 BFC
COMMON /0LD32/ EOLD2, JOLD2
DATAE/5,2.,0,4,,.,6.,0 10,1.,2.,3.
1 400.,500.,60.,800.,1300.,1500.,22000.,3000.,4000.,5000.,
2 6000. ,8000. ,10000., 15000. /
DATA MUC/8.01 0,3.4450,1.1180,0.5588,0.3608,0.2734,0.2004,0. 1704,
1 0.1399,0. 1250,0. 1073,0.0958,0.0873,0.0807,0.0709,
2 0.0637,0.0519,0.0448,0. 0365,0.0319,0.0290,0. 0270,0.0245,
3 0.0231,0.0215/
DATA D0/0.1589,0.1487,0.1327,0.1200,0.1128,
1 0.1118,0.1215,0.1376,0.1791,0.2149,0.2690,

*2 0.3088,0.3409,0.3674,0.4025,0.4404,0.4961,
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3 0.5280,2.5679,0.5938,0.6158,2.6241,0.6425,0. 6560,0 6676/
DATA AO/1. 1135E-2,2.4283E-2,0. 06645,0. 11734,0. 15910,
1 0. 18644,0.22372,0.24651,0.27760,0.29820,0.31837,
2 3, 32929,0.33559,0.33965, .34413,0..34678,0. 35110,
3 0.35445,0.35691,0.35425,0.34788,0.33878,0.31686,
4 0.29369,0.24038/

DATA A1/-0. 031!583,-0.0024618,-0.0060622, -0.0092903,
1 -0.015356,+0. 025044,-0. 010144,0. 040674,0. 021783,
2 0. 029893,0.012225,0. 0095543,0. 0044976,0. 0073127,
3 0.0091422,0.0098983,0.010016,0.0099221,0.0078632,
4 0.010371 ,0.040628,0.030809,-0.013397,-0.016610 ,-0.002930/

DATA A2/5.483E-04,1.2409E-03,3.9089E-O3,S.6343E-03,
I I.5169E-02,1.1833E-02,3.7132E-02,3.259E-02,2.987 8E-02,

•] 2 4.8446E-02,
3 5.5001E-02,5.0474E-02,2,2018E-02,2.70;2E-02,2. 2 857-02,
4 2.0876E-02,1.9185E-02,1.9206E-02,2.1801E-O2,3.9089E-02,
5 -9. 394 0E-03,-8. 8533E-03,2.8838E-02,2. 7261E-02,-I , 9101E-02/

DATA A3/2.1503E-04,5.0984E-04,1.7224E-03,4.0328E-03,
I 7.5754E-03,1.3153E-03,3.0337E-02,2.6207E-02,3. 1915E-02,

) 2 8.2357E-02,1.0486E-01,I.1029E-01,3.4039E-02,3.1744E-02,
3 4. 4123E-02,5.0435E-02,5. 2275E-02,4.9103E-02,3. 9008E-02,
4 2.9853E-02,2.8888E-02,2.5995E-02,1.8330E-02,1.4079E-02,
5 2.2817L 02/

DATA A4 *.2382E-05,1.0829E-04,3.99M5E-04,1. 30SE-07,
"1 2.2527_03,0.00000000,1.2457E-02,3. 1514E-06,5. 041E-02,:] 2 -1.460 E-04,-8.6411E-04,-6.3551E-08,1,0539E-01,9.4382E-02,
3 7. 3809E-02,5. 9498E-02,4. 0714E-02,3. 2172Z-02,2. 2187E-02,
4 2.0070E-03,6.7348E-05,3.5701E-03,1.5406E-03,3.6397E-07,
5 9,8532E-03/

DATA 90/0.57471,0.56384,0.54853,0.53850,0.53787,
1 0 .54758,0.57172,0. 60062,0.65913,0.69464,0. 73934,
22 0.76455,0.78166,0.79363,0.80851,0.81671,0. 82277,
3 0.81861,0.80467,0.79201,0.78176,0.77269,0.75988,
4 0.75116,0.73974/

DATA B2/0.72706,0. 71518,0.69814,0.68724,0. 68395,
1 0.90637,0.69136,0.86298,0.77287,0.84634,0.82898,
2 0.82998,0.76467,0.79645,0.80369,0.80482,0.79882,

* 3 0.79546,0.81708,0.85749,0.72880,0.63341,0.85214,
4 0.86119,0.55119/

DATA B1/0.42393,0.41368,0. 39364,0.360!0,0.28648,
1 0.70718,0.80330,0.69185,0.68532,0.71979,0.68807,
2 0.65925,0. 56762,0. 58849.0.57175,0.55269,0.52360,
3 0.50858,0.46877,0.30734,0.83930,0.83961,0.57962,

0 4 0.56105,0.85134/
DATA 83/0.87317,0.86506,0.85649,0.85396,0.85703,
1 1.00436,0.85532,0.90931,0.87818,1.01431,1.01389,
2 1.00620,0.87305,0.90888,0.91929,0.91859,0.91265,
3 0.90861,0.91102,0.96145,0.96388,0.94894,0.95976,
4 0.97377,0.86292/

i DATP 84/0.96440,0.96154,0.95995,0.96110,0.96562,
1 1.00000,0.98034,1.17560,1.00645,1.09682,1.07209,

• tnI
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I .34178, 1.20139,'.~993I-,3.9i4.95,0.99168,0.99767,

*4 1.2292210.97741/
BFC(,U,,A1~2,~,4480,iB2B3,4,D) I+

I A2*U*R*CEXP(-DBLE(U*R/B0))441*(U*RBl)**2*DEXP(-DBLE(U*,R/21))+
2 Ai2 * (U*R/32)**2 *DEXP(-:BLE(U*R/92))+

3 A ' * (U*R/33) **2 * DEXP (-DB-LE'(U*R/23 ))+
J4 A4'*(U.R/B4).ý*2*DEXP(-DBLE(U*R/934)))'/'(DO*EXP(-DBLE(U*R)))

C ---- USE LOG-LOG INTERPOLATION
LOGA'NT(X,XI ,X2,Y1,Y2) =EXP((ALOO(Y2)-ALOO(Y1) )*
1 (ALOG(X)-ALOG(Xl))/(ALO3(X2)-ALOG(X1)) + LCGiYl))
R =RM1FP / MUCONC(EKEY)

C WR 1TIE ( *,10730 'BCCNC 2',EKEY
C****** DO NOT LOCK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

1F(EKEV, EQ. EOLD2)THEN1
J = OL02
GOTO 212
END IF
EOLD2 - EKEV

C
J=2

C --- -- --use lowest two data points for energies below table
IF(EKEV.LT.Ei)) GO TO 212

20IF(EKEV - EWvý 212,211,2110
210 J = 3 + I

IF(J.LT.25) GOTO 200
C --- -- --use highest two data points for energies above table

211 21

1 92(J) ,B3(J) ,B4(J) ,DO(J))
URCONZ^ R * MUCýJ)
JOLD2 J
RETURN

212 CONTINUE

1 3(3) ,B4(J) ,DO(J))
K = 3 - I

* ~~X1=BFC(R,MUC(K) ,AO(K) ,A1(K) ,A2(K) ,A3(K),A4(K) ,90(K) ,B1(K) ,B2(K),
1 B3(K),84(K),DO(K))
BCONC =LOGINT(EKEV,E(J-l) E(J) XI,X2)
URCONC =R * LOGINT(EKEV,E(J-1),jE(J),MUC(J-)MU()
.IOLD2 x J
RETURN

END

REAL FUNCTION MUCONC(EKEV)
C ----- this fucntion calculates mu over rho for concrete in crn2/gr

REAL E(25), MUORHO(25), LOGINT
C ----- mass attenuation data from Nuc Sci & Eng 56 pr 267, 1975
C

DATA E/15. 20.,30. 40. 50. 60. 80. ,100. ,150. 200. 300. ,



I 400.,500.,600.,800.,1000.,15.,20. 00.,300 .,4000.,5000.,
2 b00. ,G00. ,13O. ,15000./

DATA MUORHO/G. 303,3.4450,1. 1130,0.5588,0.36 8,0.2734,0.2-04,
1 0. 1704,0. 1399,0. 1253,0. 1373,0.0958,0.0873,0.0807,0.0709,
2 0. 037 ,0. 0519,3. 3448 ,0. 3365, 0.0319,0. 0290 , . 3273,0, 0. 245,
3 0.0231,0.021j/

C ---- USE LOG-LOG INTERPOLATION
LOGINT(X,X1,X2,Y1,Y2) c EXP((ALOG(Y2)-ALOG(Y I))*
I (ALOG(X)-ALOG(X1) )/(ALOG(X2)-ALOG(XI)) + ALOG(Y1))

•L C

J=2
C -- ---- use lowest two data points for energies below table

IF(EKEV.LT.E(1)) GO TO 212
200 IF(EKEV - E(J)) 212,211,210
210 J = J + I

IF(J.LT.2b) GOTO 200
C -- ----- use highest two data points for energies above table

GOTO 212
211 MUCONC = MUORHO(J)

RETURN
212 CONTINUE

MUCONC = LOGINT(EKEV,E(J-1),E(J),MUORHO(J-1),MUORHO(J))
RETURN
END

-3



APPENDIX C

CLOUD PROGRAM DESCRIPTION AND LISTING

The Cloud program calculates the DRFs for a cloud

source when the detector is centered at ground level inside

a structure. The program model is discussed in Section 2.3.

Required input includes the equivalent radius of the

3tructure, and the mass thickness of tha walls.

When the Cloud program is run, it will ask for input

data as shown in Figure 29. The first input required is 4

title and date for the output listing. The program then

requires the equivalent radius to the inside of the assumed

hemi-spherical structure, followed by the mass thickness ofI
the wall. The program then asks the "Do you wish to mpecify

a maximum cloud height?" followed by "Do you wish to specify

a maximum cloud radius?". Nor-mally the answer to both

questions would be no (n). A yes (y) answer to either

question would allow the study of the effects of limited

cloud size on the exposures or DRFs (see Section 2.7). The

program then calculates the resultant DRF's for the PWR-2

(RSS) cloud spectra, the 1-Hr bomb fallout spectra, and the

TMI
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132

I

I

INPUT TITLE/DATE OF OUTPUT

"SSmll Wood House. 16 Sept 1984
SINPUT RADIUS TO INSIDE OF HESI-SPHERE IN METERS 5.

INPUT MASS THICHNESS OF WALL IN gr/cm*2 I ,

DO YOU WISH TO SPECIFY A MAXIMUM CLOUD HEIGHT', Y or N
Y
Input MAXIMUM CLOUD HEIGHT imn eters 1000.

"DO YOU WISH TO SPECIFY A MAXIMUM CLOUD RADIUS', Y or N
Y
Input MAXIMUM CLOUD RADIUS in asters 1500.

FIGURE 28 ___ton of

, I
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cloud spoctra followad by the DRFs ior anargies from 15 KaV

to 15 M2V. A typical output li3ting in shown in Tobl 15.

The program calculates th2 unprot2ct2d axposurm in R

p~r Curie of airborne radioactive material per cubic meter.

The program then finds the protected exposura from the

exterior cloud source, followed by the exposure from an

interior cloud containing 1 Curie per cubic meter of

radioactive material. Th2 DRFs are calculatad from t'-e

unprotected and protected exposures. Th: protected

exposures are then compared to the protected exposure from a

PWR-2 (RSS) cloud spectra. Th2 last column of data i the

exclusion factor discussed in Section 2.9.2. The program

assumes one gamma par dislntegration for tha I Hr. bomb

fallout, the PWR-2 cloud (RSS-Cloud) and the individual

gamma energy calculations,.

The program is written in Miargogf FORTRAN 3.13. This

i3 a version of FORTRAN 77. Tiherm are no non-standard

FORTRAN commands in the program. The program was run on a

T'ixais Instruments Professional Cormputer (PC) which uses an

qfle processor and an 6087 co-processor. The program was

run under the MS-DOS 2.11 operating system. However, it

should run on any computer capable of using FORTRAN 77. The

program takes approximately 25 minutes running time.

Caution, the program is written is FORTRAN, the input

Eiguires decimal points. The program may not converge to an

13
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¶ answer for low energies (15 and 20 KeV) for wall thickness

gr2ater than about 23 gr/cm2 . This 's because the exposures

ar3 l than S.4ZE-37, which is the limit of th2 zingl:.

precision data type used for real variables.

The MAIN program directs the input and output of the

program data. Subroutine SIMPS carries out the integrations

by using Simpson's rule. The number of increments is

automatically increasad until the desired accuracy is

obtained. Subroutine PROTECT speeds the integration of the

hemi-spherical source by dividing the source into shells

which converge to integrals faster. Function DHEMI finds

the kernel for the unprotected cloud source. Function DSPHER

calculates the kernel for the protected cloud source.

Function AMU finds the mass attenuation coefficient for

air. Function BUF finds the buildup factor for air.

- Function MUCONC finds the mass attenuation coefficient for

the walls. Function SCONC finds the buildup factor for the

walls. Function ROENTG finds the factor for converting flux

to exposure.

The listing of the Cloud program follows.

I

I

6



PRCk'RAM1 CLOUD
CHA AIC T ER CTI1TLE# 3-3 YORN* I

TERIN, OUT

x:~ ,~~ ,RMAX E 3R0'2 ( 223,4) FRACT (22 4)
E. X 7RNAL F, LE '!I , 0 PH ER

O~.N /EN'ER3Y/EKEV'
0 Z'43N /SI ZE/ WALLOS, THICKRMAX ,HMAX ,Ri
C '1MOCN ,'EXPOS/ TOTEXP,TOTLINP,EXPOSE

COM MON / INOUT/ IN, OUT
CO0M MO0N /OLDJ/ COLD, JOLD
COOM CN /OLOJ2/ ECL02, J0L92

1 4 2. 2 65% 2.2 6 6 22. 1 30. 12 0 2 117 3. 13-. 7 ~22
21 2232 1, 2 1 ,4 222 ~2 j ,62. ,82 10 02 02 1 f 3.!

DT A E 3 R 0UP /5. ,3 23. , 7 r . , 152 2. ,2500, 15 *2 .

6 612. , 52 7.,3 6. , 2 52. ,27Z. , 191 166, , 8 1. B. , 4 *0.
5 31. ,164. ,234. ,364.,637. ,662. ,723. ,13*2./
DAI FRACT/.63.2,,7,.41.7,5*,
1 .2271 ,.2137,.0737,.3476,.2929,. 1373,. 1717,, 1627,

5 .2222,. 30252, .22319, .22637,.2764,.222637,4*2.,

Ci*.s*.*** .s***s INPUJT TITLE FOR EACH L TIG.*s******.s
337 FORMAT(IH3,25X, 'CLOUD SOURCE WITH 'WALL WRITTEN 22 JUNE 1994')

C+++++CHA~N3E EPSON FX-80 PRINTER TO COMPRESS MODE
OPEN (I FILE.-='LP71 ',STATUS= 'NEW',ACCESS= 'DIRECT'
I , F CP1 R 'UNF0RMATTED ',RECL~ I)

CL 0 - (1)
OPEN (l ,FILEz'LPTl1

C
OUT 1

EOLD2 2 .3
IN x 0
WALLDS z.2

C- ----Assume walls and roof are .2 meters thick.

WRITE (*,293)
290 FORMAT(1X, 'INPUT TJTLE/DiATE OF OUTPUT')

READ(*,291 )CTITLE
291 FORMAT(ABO)

292 FORMAT(lH0,25X,A80)
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qC %h/h../.%%%% /.h~/hY/%%%%
14300 WRITE(*,301)

331 FORMAT(IX , 'INPUT RADIUS TO INSIDE OF HEMI-SPHERE IN METERS
302 READ (*,.303) RI

303 FCRMAT)F13.6)
WRITE (*,304)

304 FORMAT (I X, ' INPUT MASF TH ICHNESS OF WALL IN gr/cm**2

READ (s,3703) WTAýICK
293 WRITE(*1794)
294 FORMAT(1X,

1 'DO YOU WISH TO SPECIFY A MAXIMUM CLOUD HEIGHT?, Y or N')
READ(*,295)YORN

295 FORMATIAl)

IF( YORN. EQ. 'Y ' OR, YORN. EQ. 'y' THEN
WRITE (*, 296)

296 FORMAT(lX, 'Input MAXIMUM CLOUD HEIGHT in meters '\

READ (*, 303) HMAX
ELSE IF( YORN. EQ. ' N'. OR. YORN. EQ. 'n THEN~
HMAX = EE-30

ELSE
OOTO 293

END IF
297 WRITEI*,298)
298 FORMAT(1X,

I 'DO YOU WISH TO SPECIFY A MAXIMUM CLOUD RADIUS?, Y or N')
READ(*., 295) YORN

IF (YORN. EQ. 'Y 'OR. YORN. EQ. 'y' THEN
WRITE('*,299)

299 FORMAT(1X,'Input MAXIMUM CLOUD RADIUS in mieters '\

READ C. 303) RMAX
ELSE IF (YORN. EQ. 'N'.OR. YORN. EQ,'n' THEN

RMAX z IE.30
ELSE
GOTO 297

END IF
WRITE (OUT ,807)
WRITE (OUT, 292) C ITLE

2 WRITE(OUT,808)
WRITE(OUT,809) RI
WRITE(OUT,613) WTHICK
WRITE(O'JT,811) HMAX
WRITE(OUT,812) RMAX
WRITE (OUT,803)
WRITE(OUT,804)

C@@@@@ ROUTINE TO FIND DRFS FOR SPECTRA
DO 500 NSPEC z1,3,+1
DOSUNP a 0.
DOSCLD a 0.

S DOSINT a 0.
DO 501 IEKEV a 1,20



EKY E3jCUP (I E'EV, NSPEC)
FRT FRACT(IEKEV,NSPEC)

C ---- -T YOCU K NC 0A PR 0'3 R I IS R U NNI N

CZLL S%11-7 S0. R,1E-,DNTHEI
DISUNP = OSUN? + FRCT *TOTUNJP

',"Cý =O0OCLD + FRRCT *TCTEXP

00SINT =DOSINT + DINT *EXPOSE *FROT

531 CONTINUE
2R O'USCLD/0OSUNP

!ý7(NSPEC.EQ.I) DPF?ýS DRF
.TI] DRF/DRF3,13

C L U'DE 0 S CL /(CS C L + "IDO SI N 7
1 F ( EN P E 2) R IT E; )UT, 2535 SO 0 OU N P, D 0S C L D 3 TIN

DR,RFRATI1OE XC LU DE
F (N P :SC E 0. I1) WR 1T-- (OU T, 5 10) DOSUNP , OOSCL 0, C0S INT ,

1 :RF,RAT1O,EXCLU0E
I F (N SP EC. EQ .3 ) WR ITEE (OUT, 536 ) DOSUNP , 0OSCL 0, DO£ 0 NT ,
I RF,RTTIOEXCLUDE
1 F )NSP E C.E 9. 4) WR 1TS ( UT, 5 7) DO SUNP ,DOSCL D, DC -:INT ,
1 CRFRATIO,EXCLU0E

500 CONTINUE
C 2222 22 i 3i ý ii@iIieMii9iU@332 9- @@ @@@@"3 1 !a222222222 @1222 32'22222@@212222 22

2l2routine icr genertaltrig enprgy table 2 2222@222302
DO 50i1IEKEV 23,1,-1

EKEV EUIEKEY)
WRITE(#,936) EKEY

3 2 FORMAT (IX,'E(K&') G0
C------ L ET YOCU < NO0W PP C3 R A I S R U NN I N

003UNP

OCOSINT 0.
CALL PREOTIE7rKEV)
CALLSLR(.R1.ESITE)I
003UNP = 0030P + TOTUNP
D03CL) = LCCLD + TOTEXP
0031,1T =DOSINT + DINT * EXPOSE
DPF = OSCLD/0CEUNP

RATIO s DPF/ORF2B11
SEXC0L UDE =DOSCLD/)DOSCLD +DOSINT)

ERRLIM = I.E-133
IF(DOSUNP.GT.ERRLIM) THEN

DRF aDOSCLD/DOSUNP
ELSE

DRF a 0.
ENDI F
ONEMEX a . - EXCLUD
WR!TE(OUT,802) EKEV,DOSUNP,DOSCLD,DOSINT
I DRF,RAIO,EXCLUDE
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801 CONTINUE
980 CONTINUE
322 FOR2 T(IX,2 ,FT.1,4X,6i3.4,4X)
383 FORMAT(IH0,25X,'E(KeV)',5X,

1 'R/ýr/Ci*m3 ,4X, 'R/hr/Ci*m3 ,4X, 'R/hr/Ci*m3' ,4x,
2 DRC R1/X,'RIR(RESS ',6X,
3'Ex:lusion')

824 FORMAT(! X,25X ,12X,'Unprotected',3X,'Protected',5x,
I 'fron int.',5X,14X,14X,'Factor')

808 FORMAT IHZ,25X,'Integratiin to 12 MFPa in air.'1
809 FORMAT( IX,25X, 'Equivalent radius of structure a ',F9.3,' meters')
813 FORMAT( IX,25X, 'Miss thickness of walls = ',F9.3,' gr/cm**2')
811 FORMAT IX,25X , 'Maximum cloud height a ',F12.3,' meters')
812 FORMAT IX,25X, 'Maxi-num cloud radius = ,F12.3,' meters')!.. 11 15X ,' I .12 H R ' 2X ,6 ( C 1 4 ,4 X) )

513 FORMAT I X ,25X , 'RSS-CLOUD',2X ,6(31 .4,4X))
506 FORMAT IX,25X, 'TMi-CLOUO',2X,6(-Gl .4,4X))
5 7 FORMAT (IX,25X SLi-CLOUD' ,2X,6(G31 .4,4X)

STOP
END

SUBROUTINE PROTECT(EKEV)
REAL TOLER(10),DMFP(1Z),KERN,MFP

EXTERNIL DHEMI,DSPHER
COMMON /SIZE/ WALLDS,WTHICK,RMAX,HMAX,RI
COMMON /EXPOS/ TOTEXF,TOTUNP,EXPOSE
DATA TOLER/I.E-4, I. E-4, I. E-4, I .E-4, I. E-4, I. E-4,

I 1.E-4,1.E-4,1.E-3,1.E-2/
DATA DMFP/. Z,., . .,

C - RHO = DENSITY OF AIR AT 3TP 0.001293 gm/cm**3
RHO a a.301293

AMUEKEV x AMU(EKEV)

MFP z AMUEKEV * RHO *M9.
EXPOSE = ROENTG(EKEV)

C--...DISTANCES ARE IN METERS, MU IN INVERSE CENTIMETERS, XJ IS IN MFPS
TOTEXP - 8.
TOTUNP - 0.
N 1 0
N2 3
DO 305 J = 1,10
XJ - DMFP(J)
TOL z TOLER(J)

C***** IF RI IS GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
XJMI x (RI + WALLDS) * MFP
IF(XJ.LE.XJM1) GOTO 805
NI a NI + I

D2 x XJ/MFP
IF(D2.GT.RMAX) THEN

D2 a RMAX
N2 a N2 + I

ENDIF
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IF(NI.EQ.1) THEN
XXJMI = XJMI
X~w~Ml = 01.

ELSE
X2JM1 •PjI

END IF
j ~~~DI =XMiF

D21 = X2J'MI/MFP
D22 = D2

CALL SIMPS(D1,D2,TOLKERN,DSPHER)
CALL S:MPS(D21,D22,TOL,UNSHLD,DHEMI)

TOTEXP = TOTEXP + EXPOSE # KERN
TO7,UNP = TOTUNP + EXPOSE * UNSHLD

335 CCN TNUE
RETURN
END0

SUROUTINE SIMPS(LO'Eý, UPPER, TOL, SUM, F)
C******9*****~4*4*,4**$,4* ************************4*.44*

C NUMERICAL INTE7RATION BY SIMSON'S RULE.
INTEGER IN, OUT, PIECES, I, P2
REAL X, DELTA, LOWER, UPPER, SUM, TOL
REAL ENDSUM, ODOSUM, SUMI, EVSUM

COMMON /INOUT/ IN, OUT
C

PIECES • 2
DELTA 2 (UPPER - LOWER) / PIECES
0DOSUM * F(LOWER + DELTA)
E)SUM 1 3.
ENOSUM F(LOWER) + F(UPPER)
I I = z ZN UM + 4 * ODDSUM) * DELTA / 3.0
PIEC E PIECES * 2

P2 3 PIECES / 2
SUM)l SUM
DELTA (UPPER - LO:4ER) / PIECES
EVSUM E yV3UM + ODDSUM
ODOSUM = 0.3
DO 10 I 1, P2
X x LOWER + DELTA * (2 * I 1)
CODSUM z ODDSUM + F(X)

10 CONTI"UE
SUM x ýENDSUM + 4.0 *ODDSUM + 2.0 * EVSUM)

* * DELTA / 3.0
IF(ABS(SUM - SUMI) .GT. ABS(TOL * SUM)) GOTO 5
RETURN
END

FUNCTION DHEMI(R)
C******** POINT KERNAL FOR A DISK SOURCE

REAL MFP



COMMION /ENERGY/ EKEV
COMM1ON /SIZE/ WALL0S, T,RI¶AX ,HMAX ,R1

=F AMU (EKEV) * 3. 03293 * 130. * R
3U BUF(EKEY, MFP)

;-,1I . ~3U.S A * E X~ -

IF (R. 3T .H M A X0 DH E.I HE M I * H MAPX/R
R ET J1 RN
ENO

C
FUNCTION AMU(EKEV)

C MASS ATTENUATLiN IN cm*2/gr
REAL E(26), MUORHO(26), LOCIN"

C -- IR MASS ATTENUATIO,,J DATA FROJM RADIOLOGICAL HEALTH HANDBCOD'
C ---- AN 1973d, P31119
C

DATA MUCRHO/ 4.99 .,072039.4,.20lB.1,.1,

I3 .a204,0.3161.'

C ---- USE LOS-LOG INTERPOLATION
Ct....LIN!NT(X,X1,X2,Yl,Y2) (Y2-YU*(X-Xfl/(X2-X:. YI

1 'ALC"G(X)-ALCGWX))/(ALDS(X21'-ALOG(Xl) ) +ALOG(Yl))

C
J-2

S- -- -- --use lowest two data points ior energies below table
IF(EKZV.LT.E(1)) GO TO 2121

132 3 IF ( E<E - Z(J)) 212,211,213
213 J x 3 +1

IF(J.LT,261% '3TO 2123
----- use highest two data points ior energies above table

GOTO 212
211 AMUJ a M1UORHO(j)

RE TURN
212 CONTINUE

*iI LIGINT(EvEV,E (J-1 ) Ei) U0:,HO(J-l),UC.RHO (Jf
RETURN
END

C
FUNCTION DSPHER(P)

Cttt.*.e# POINT KERNAL FIR A SHERICAL SOURCE
REAL MUAIR,MFPI ,MFP2,MFP3,MUCONC,MFP
INTEUER IN, OUT

CODMON /ENERGY/ EKEV(
COM1MON iSI !E/ WALLDS,T,RMAX ,Hr.AX,R1



C OM C N /lNCUT/ 1N, OUT
C -SWiE. ROOF IS .2 METCRS THICK

MUAIR 1111j(EKEV) 2 .203i93
MFPI CR -R1 - WAILDSC m1A! 1 *20
MFP2 T * MULCCNC CEKEYC

MFP ý'FF'I + MFP2 + IMFP3
81 : UF(EKEY,MFPI)
B2~ OCONCCEKEV',MFPIeMFP2)/3CONC'(EkEV,MFP1)
93 = UF(EýKE,,,,MFP+MFP2*MFP4) /BUF(E~r'V,MFP1,MFP2)
SU = BI22.53

I F( (MFP2.3TW4.).2CR, FP#?.T.j T H1. E`4
4DSPHER z3

R ET UPR N
ELSE

0 S P H E R 5. # 9 U * S, ~ P CM F P)
END I F

IFCR.GT.Ht1AX)OSPHER O SPHER *HMAX/R
R E TUR N
END

C
FUNCTION RONTCKV

C~~~~ ~ ~ %./.' 7 %~ / III %/%/' /N ,*'%%" N ' %
C This function ccnverts BUF adjustced flux to R*.n**2/hr/Ci

REAL E(26), MUORHO?26), LO3INT
C ---- ir mass absorption data from NSRDS-NDS 29, 1969 pg 210 & 21

26000.,6O.!O0,~0.
0 AT A M UJOR HO/ 4 1I, 1 2 3,0. 511 ,0. 14 9,0. 0 6 q,. 040 6 ,. 03 05 ,.02143 ,
1 .0234,. 021-", .0263,. 0288,. 0295, .0296,. 0295, .0289,. 0278,
2.0254,.0234,.0-205,.0186,.0l74,,0164,.0152, .0145,.0132./

C
C -- --USE LOG-LO3 INTEIPOLATION

LOGINT(X,X1 ,X2,Y!,Y2) rEXPk (ALOG(Y2)-ALOG(YlC )*
1(CALOG(X)-ALO5CX1))/(ALOGCX2)-ALOGCX1H) + ALOG(Y1))

3=2
C- -- -- --use lowest two data points for energies below table

IF(EKEV.LT.E(1)) 60 TO 212
200 IF (EKEV - E(J)) 212,211,210

4210 J = J + I
IF(.J.L7.26) GOTO 200

C ------- use highest two data points for ?nergies above table
GOTO 212

211 ROENTS = MUORHO(J) * EKEY * 244.3365 /1000.
RETURN

212 CONTINUE
ROENTG LOGINT(EKEV,E(J-1),E(J),MUORHO(J-1P,MUORHO(J))
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I EKEV 244.3365 /1000.
RETURN
EN D

C
FUNCTION BUF(EKEV,MUR)
REAL E(25), Al(215, A2(25), ALPHAI(25), ALPHA2(25), ALPH,13(25)

v REAL MUR, LOGINT, SEIINT
A COMM1ON /OLDJ/ EOLD, JOLD

DATA E1.,0 Z.,8 53 6..8 10 10 20 30

DATA Al/1.258E1,4.960,1.039E1,1, 1GZE2,5. 106E2,g
1 1.641E3, 1.477E3,1.503E3,1.242E3,1.206E3,
2 1 .2 51 E3 ,1I. 18 2E 3 , 1,2 32E 3,4.316 E3, 1. 10 2E3 ,
3 1. 12SE3,2.941E2,4.159E2,1,162E2,1.928BE1,
4 1.251E , 1.047E1 , 1.O11E1,8.8B9,6.661/
DA~TA A2/-3.984E-1,-6.395E-1,-6.924E-1,-1.462E2,-6. 189E2,
1 -2.712E3,-2.543E3,-2.736E3,-2.317E3,-2. 149E3,
2 -1. 756E3,-2. 219E3,-1.664E3,-4.588E3,-1.308E3,

4 3 -1. 174E3,-2. 179E2,-2.667E2,-6.740E1,-1.417E1,
4 -6.371 ,-3.919,-3.046,-2.360,-1.496/
DATA ALPHA1/-2.509E-2,-1.OSSE-3,-3. 174E-2,-2.852E-2,-4.231lE-2,
I -4.B88E-2,1-7.303E-2,-B.190E-2,-B.536E-2,-7.7805-29
2 -5 5 l - ,3 85 E 2 - .4 E 2,1 7 1 , 1 141E-2,
3 -I. 031E-2,-4.964E-2.-3.784E-2,-2.395E-2,-2.575E-2,
4 -4.129E-2,-5.176E-2,-4.734E-2,-4.639E-2,-5.032E-2/
DATA ALPHA2/3.955E-1 ,5.505E-1,9.030E-1,6.b13E-3,-1.852E-2,
I -2.589E-2,-4. 109E-2,-4.753E-2,-5.025Eý-2,-4..773E-2,

* 2 -3.475E-2,-1.679E-2, -1 .51E- 2,-1.406E-2,-2.141E-3,
3 -5,925E-3,-3.988E-2,-2.974E-2,-7.309E-3,2.054E-2,
4 5.O30E-297.394Ea-2,a.321E-2,9. 146E-2,1.01BE-1/
DATA ALPHA3/-2.659E-293.524E-2,6.484E-2,6.739E-2,6.537E-2,
I 6.546E-3, 1.45OE-3,-6.32-3E-3,-9.997E-3,-9.998E-3,
2 1.528E-2, 1.292E-2,2.686E-2,3.682E-2,4.242E-2,
3 7.813E-2,-6.392E-2,-4.662'E-.2,-3.262E-2,-4. 182E-2,
4 -5. 231E-2,-6. 205E-2,-5. 452E-2,-5.524E-2,-5.774E-2/

C***** BUILD UP FACTOR DATA FROM NUC SCI & END 78 PG74 1981
4 ~BF (A,B,C,D,E,LIR)= A*EXP (-C*UR) ,B*EXP(-D*UR) +(1-A-B) ýEXP(-E*UR)

C ---- USE LOG-LOG INTERPOLATION
LOriINT(X,X1,X2,Y1,Y2) =EXP((ALOG(Y2)-ALOG(YI) )*
1 (ALOG(X)-ALOG(Xi))/(ALOG(X2)-ALOG(X1)) + ALOG(Y1))
SEMINT(X,X1 ,X2,YI,Y2) =EXP( (ALMGY2)-ALOG(Yl) )*
1 (X-Xi)/(X2-XI) + ALOSCYI))

C***** DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY
r ~IF (EKEV. EQ. EOLD) THEN

J = JOLD
GOTO 212

END IF

C EOLD EKEY

J=2



£- -....... use lowest two data points for energi-s b2low table
SIF(EKE .LT.E (1)) S0 TO 212

23 I F(EKEV - E(J)) 212,211,2 1
21 3 J J + I

IF(J.LT.25) GOTO 232
C -...... use highest two data points for emerg:es above table

GOTO 212
211 IF(MUR.GT.40.) 3OTO 213

- BUF = BF(AI(J),A21J),ALPHAI(J),ALPHA2tj),ALPHA3(J),MUR)
' C WRITE(1,930) EKEV,BUF,JA1 (ý),A2 (J),ALPHAI (J),ALPHA2 (J),ALPHAý (J)

C .
SJOLD =J

212 C 3-TINUE
I F(UR.3T.40. 30TO 213
X2 F ( A (•I ,A2 (J ,ALPHAI (J) ,ALPHA2 3) ALPHA3()J ,MUR)
XI=BF(AI(J-1),A2(J-1),ALPHAI(J-1),ALPHA2(J-1),ALPHA3I(J-1),MUR)

BUF LO3INT(EKEV,E(j-1),E(J),X1,X2)
JOLD J
RETURN

213 CONTINUE
C - IF MFPS ARE OT 43 INTERPRET FROM END OF RANGE

SX2= BF(AI(J),A2(J),ALPHAI(J),ALPHA2(J),ALPHA3ý(J),40.)
SXI=BF(AI(J-I),A2(J-1),ALPHAI(J-1),ALPHA2 (J-1),ALPHA3(J-1),40.)

BUF2 = LOOINT(EKEV,E(J-l),E(J),X1,X2)
SX2= BF(AI(J),A2ýJ),ALPHAI(J),ALPHA2(J),ALPHA3(J),35.)
SXI=BF(AI(J-1),A2(J-I),ALPHAI(J'I),ALPHA2 (J-1),ALPHA3(J-I),3!.)

BUF1 = LOGINT(EKEV,E(J-I),E(J),XI,X2)
BUF = SEMINT(iUR,35.,40.,BUF1,BUF2)
JOLD = J
RETURN

, ..... END

C
C

FUNCTION BCONC(EKEV,RMFP)
C - THIS FUNCTION CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
C - CONCRETE LIKE MATERIALS FROM THE NBS SOLUTION USING 12 PARAMETERS
C - BY EISENHAUER AND SIMMONS REF NUC SCI AND ENG 56,263-270,1975

-_I C

C ----- R IS IN MFPS
"C

REAL E(25), DDi25),MUC(25),LO0INT,MUCONC
"REAL AO(25),AI1 25),A2(25),A3(25),A4(25)
"REAL BO(25),BI(25),B2(25),B3(25),B4(25)
REAL*8 BFC
COMMON /OLDJ2/ EOLD2, JOLD2

*: DATA E/15.,20.,30.,40.,50.,60.,80.,100.,150.,200.,300.,
1 400. ,500 ., 600. ,800. ,100., 1500. ,2000. ,3000 .,4000. ,5000. ,S .... 2 6000.•8000.,108000.,15000./

DATA MUC/B.0100,3.445 ,.1.1180,0.5588,0.3608,0.2734,0.2004,0. 1704,
"1 0. 1399,0. 1250,0. 1073,0.0958,0.0873,0.03W7,0.0709,

2 0. 1637,0. 0519,0.0448,0. 0365,.0319,0.0290,0. 0270,0.0245,

I



164

3 0.0231,0.0215/
i DATA DO1 ..1589,0.14 37,0.1327,0.1203,0.1128,

1 0.1118,0.1215,0.1376,0.1791,0.2149,0.2690,
2 0.338,0.3409, 0.3 74,0.4 085,0.4404, 0.4Y61,
"3 0.5280,0.5679,0.5938,0.6158,0.6241 ,0.6425,06560,0 .6676/

DATA A3/1. 1135E-2,2.4283E-2,0.06645,0, 11734,0. 15910,
1 0. 18644,0.22372,0.24651,0.27760,0.29820,0.31837,

i 2 0.32929,0.33559,0. 33965,0. 34413,0.34678,0. 35110,
3 0.35445,0.35691,0.35425,0.34788,0.33878,0.31686,
4 0.29369,0.24038/

DATA Al/-0. 0011583,-0. 002461,'-0.0060622,-0.0092903,
"1 -0. 015356,+0.25044,-0. 010144,0.04 0674,0. 021783,
2 0. 029893,0. 012225,0. 0095543,0.0044976,0.0073127,
3 0.0091422, 0.098983,0. 0100 16,0.99221,0, 0078632,
4 0. 010371 ,0.040628, 203089,-0.013397,-0.0166!0,-0.0029308/

DATA A2/5.483E-04 ,1.2409E-03,3.9089E-03,8.6343E-03,
II 1.5169E-02,1.1833E-02,3,7832E-02,3.2059E-02,2.9878E-02,
2 4.8446E-02,
3 5.500•E-02,5. 0474E-02,2. 2018E-02,2.7012E-32,2.2857E-02,

44 2. 0876E-02,1.9785E-02,1.9206E-02,2.1801E-02,3.9089E-02,
5 -9.3940E-03,-8.8533E-03,2.883SE-02,2.7261E-02,-1.9101E-02/

DATA A3/2.1503E-04,5.0984E-04,1.7224E-03,4.0328E-03,
1 7. 5754E-03,1.3153E-03,3. 0337E-02,2.6207E-02,3. 1915E-02,
2 8.2357E-02,1.0486E-01,1.1029E-01,3.4039E-02,3.1744E-02,
3 4.4123E-02, 5.0435E-02,5.2275E-02,4.91 3E-02,3.9008 E-02,
4 2.9853E-02,2.88 8E-02,2.5095E-02,1.8330E-02,1.4079E-02,
5 2.2817E-02/

DATA A4/4.2382E-05,1.0829E-04,3.9905E-04 ,1.030SE-03,
"I 2.2527E-03 .00000000•,1.2457E-02 ,3.1514E-6,o5.8041E-02,
2 -I.460SE-04,-8.6411E-04,-6.3551E-08,1. 0 39E- I,9.4382E-02,
3 7. 3809E-02,5. 9498E-02,4.0714E-02,3.2172E-02,2. 2107E-02,
4 2.00 7 0E- 03 ,6.7348E-0 5,3.570 1E-03,1.540 6E- 03 ,3.6397E-0 7,
"5 9.8532E-03/

DATA 80/0.57471,0.56384,0.54853,0.53850,0.53787,
1 0 .54758,0.57172,0.6562, 9.65913,0.69464,0 .7934,
2 0.76455,0.76166,0.79363,0.80851,0.81671,0.82277,
3 0.81861,0.80467.0.79201,0.78176,0.77269,0.75998,

. 4 0.75116,0.73974/
DATA B2/0.72706,0.71518,0.69814,0.68724,0.68395,
"1 0.90637,0.69136,0.86298,0.77287,0.84634,0.82898,
2 0.82998,0.76467,0.79645,0.80369,0.80482,0.79982,
3 0,7954 6,0.81708,0.85749,0.72880,0. 6341 ,0.85214
4 0.86119,0.55119/

DATA 81/0.42393,0.41368,0.39364,0.36010,0.28648,
1 0.70718,0.80330,0.69185,0.68532,0.71979,0.68807,
2 0.65925,0.56762,0.58849,0.57175,0.55269,0.52360,
3 0.50858,0.46877,0.30734,0.83930,0.83961,0.57962,
4 0.56105,0.85134/

DATA 83/0.87317,0.86506,0.85649,0.85396,0.85703,
61 1.00436,0.85532,0.98931,0.87818,1.01431,1.01389,
2 1.00620,0.P7305,0.90888,0.91929,0.91859,0.91265,

, r



4 3.97377,3.36292/

DAT 1.34/01.9343,34,1. 1!,,1.959,.096112,1.O72O9

2 1.341731,32Z'139,0.97831 ,0.9945,0,99163,0.98767,

4 1.22932,0.97741/
J DFC(RU,A2,,:A2,A3,A4,B0,B1,B2,G3,G4,DO) - I +

1 AO*U*R*DE\P(-DGLE(UsR/B0) )+AIS(U*R/B1)**2*DEXP(-DBLE(USR/81) )+
2 12 * (U*R/B2)**2 * DEXP(-DBLE(U*R/B2)) +
3 A3 * (U*R/93)**2 * DEXP(-DBLE(U*R/B3)) +
4 A4.(U*R/84)**2*DEXP(-DBLE(U*R/,D4)))/(DO*DE'XP(-DGLE(U*R)))

c---- U2E L03-LO3 INTZRPOLATION
L03INT(X,X1,X2,Y1,Y2) xEXPI (ALO0(Y2)-ALOG(YI) )*
1 (ALOG(X)-ALýOG(Xl) )/(ALOG(X2)-ALOG(X1) ) + MLOMY))
R =RMIFP / MUCONC(EKEY)

C WRITE(*, 1.32) 'BCONC 2',EKEV
C*.*e** DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

IF (EKEY. EO.EOLD2) THEN
J zJ,,LD2
GOTO 212
EINDIF
EOLD2 - EKEV

C
J=2

C --- -- --use lowest two data points for energies below table
IF'(EKEV.LT.E(1)) GO TO 212

230 IF(EKEV - EUJ)) 212,211,210
212 J ;:3 + 1

IF(J.LT.25) GOTO 200
C- -- -- --use highest two data points for energies above table

GOTO 212
211 DCONC*BFC(R,MUC(J),A0(J),A1(3),A2(J),A3(J),A4(J),90(J),Bi(J),

1 32(J) ,B3(J) ,84J) ,DO(J))
URCQNC -R * MUC(J)
JOLD2 J
RETURN

212 CONTINUE
X2=GFC(R,MUC(J) ,AZ(J) ,AI U) ,A2(J) ,A3(J) ,A4(J) ,BOU) ,BI (3) B2(J),
I 33(J) ,B4J) ,DOJ))

1 93(K)qB4(K),DO(K))
4 SCONC -LOGINT(EKEV,E(J-l),E(J),X1,X2)

URCONC R * LOGINT(EKEV,E(3-1),E(J),MUC(J-1),MUC(J))
JOLD2 *J
RETURN

END
C

REAL FUNCTION IIUCONC(EKEV)
C----this fucntlon calculates mu over rho for concrete in cm2/gr



REAL E(25); MUORHO(25), LOGINT
C-.mass attenuation data from Nuc Sci & Eng 56 pr 267, 1975
C

DATA E/15. ,20.,30. 4a.,50. 3. 80., i00. , 150. 200. 00..

DATA MUORHO/8.0100,3.4450,1.1180,3.5588,0.3608,0.2734,0.2004,
S1 0.1704,0.1399,3.1250,0.1073,0.0958,0.0873,2.0807,0.0709,

2 0.0637,0.0519,0.0448,0.S365,0.0319,0.0290,0.0270,0.0245,
3 0.0231,0.0215/

C
"C ---- USE LOG-LOG INTERPOLATION

LOGINT(X,XI,X2,YI,Y2) = EXP((ALOG(Y2)-ALOO(Yl))*
1 (ALOG(X)-ALOG(XIn)/(ALOG(X2)-ALOG(XI)1 + ALOMG(YI))

C
C

J-2
C ------- use lowest two data points for energies below table

IF(EKEV.LT.E(1)) GO TO 212
S200 IF(EKEV - E(J)) 212,211,210

210 J s J + I
IF(J.LT.26) SOTO 200

C ------- use highest two data points for energies above table
SOTO 212

211 MUCONC a MUORHO(J)
RETURN

212 CONTINUE
MUCONC * LOGINT(EKEV,E(J-1),E(J),MUORHO(J-1),MUORHO(J))
RETURN
END

I

0.-

S


